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SECTION  I. 


MON  GST  the  inftances  and  expert 


ments  produced  in  my  public  Cowries 
6f  Chemiftry  in  1774,  to  illuftrate  my  no- 
tions of  the  polarity  of  matter,  divers  mix- 
tures of  lime  fand  and  water,  were  parti- 
cularly confidered : and  thefe  being  preferved 
and  methodically  arranged,  according  to  the 
plan  of  this  fchool,  foon  fuggefted  to  me  an 
enquiry  which  I have  profecuted  with  great 
attention  ever  lince  that  time. 

As  the  ftrength  and  duration  of  our  mofl 
ufeful  and  expeniive  buildings  depend  chiefly 
on  the  goodnefs  of  the  cement  with  which 
they  are  conftru&ed,  I looked  to  the  im- 
provement of  mortar  as  a fubjeft  of  great 
importance,  in  this  country  particularly, 
where  the  weather  is  fo  variable  and  trying, 
and  the  mortar  commonly  ufed  is  fo  bad. 
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that  the  timbers  of  houfes  laft  longer  than 
the  walls,  tinlefs  the  mouldering  cement  be 
frequently  replaced  by  pointing.  But  ieeing 
that  many  years  are  requifite  for  the  greateft 
degree  of  induration  which  cementitious 
mixtures  like  mortar  can  acquire,  or  for 
our  difcovering  the  imperfections  of  them  ; 
and  that  the  life  of  man  is  too  fhort  to  allow 
any  confiderable  improvements  of  them  to 
be  derived  from  fuch  experiments  as  had  hi- 
therto been  made,  I refolved  in  the  begin- 
ning of  the  year  1 775  to  inveftigate  more 
clofely  than  I had  hitherto  done,  the  princi- 
ples on  which  the  induration  and  ftrength  of 
calcarious  cements  depend ; not  doubting 
that  this  would  lead  me  by  an  untried  path 
to  recover  or  to  excel  the  Roman  cement, 
which  in  aquedu&s  and  the  moll  expofed 
ftru&ures  has  with  flood  every  trial  of  fifteen 
hundred  or  two  thoufand  years. 
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SECTION 

Experiments  and  Obfervations  on  Lime-Jloni 

and  Lime . 

I Had  already  learned  from  the  chafte  and 
pliilofophic  productions  of  Dr.  Blacky 
that  calcarious  ftones  which  burh  to  lime, 
contain  a confiderable  quantity  of  the  elaftic 
fluid  called  fixable  air  or  acidulous  gas, 
which  in  combination  with  the  earthy  mat- 
ter forms  a great  part  of  the  mafs  and 
weight  of  thefe  ftones  ; and  that  the  dif- 
ference between  lime-ftone  or  chalk  and 
lime,  confifts  chiefly  in  the  retention  or  ex* 
pulfion  of  this  matter. 

Expecting  to  learn  fbmething  furthef 
relative  to  lime,  and  particularly,  to  difcover 
the  caufe  of  the  differences  which  appear  hi 
cements  made  with  different  kinds  of  lime* 
I made  the  following  experiments. 

I procured  fpecimens  of  different  kinds 
of  lime-ftone  and  chalk,  and  breaking  them 
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into  fmall  fragments,  I burned  them  in  cru- 
cibles lined  with  lime  to  prevent  the  pieces 
from  touching  their  crucibles  and  vitrifying  at 
thofe  furfaces  which  lay  next  to  them  *•  I like- 
wife  burned  the  like  fpecimens  in  crucibles 
perforated  to  admit  a free  current  of  air 
through  them  ; and  laftly,  I expofed  three 
pounds  of  either  fpecimen  to  a graduated  fire 
in  an  earthen  retort  which  was  barely  fuffi- 
cient  to  hold  this  quantity,  and  whole  neck 
I lengthened  by  fitting  to  it  a glafs  conical 
tube  luted  at  the  jun&ure  with  four  parts  of 
lime  one  of  fine  fand  and  as  much  difTolved 
glue  fuch  as  the  carpenters  ufe,  as  was 
fufficient  to  form  a pafle  ; having  found  this 
luting  to  hold  fall  and  to  be  impervious  to 
any  elaffic  fluid  or  liquor  expelled  in  fuch 
procefles.  I immerfed  the  extremity  of  the 
glafs  tube  in  mercury,  and  inverting  a bottle 
filled  with  mercury  over  the  extremity  of 
the  tube,  I received  whatever  water  or  elaf- 
tic  fluid  was  expelled  from  the  calcarious 
Hones  by  the  fire,  and  I meafured  the  quan- 
tity of  thefe  by  inflantly  applying  a frefh 
bottle  as  foon  as  the  former  was  filled* 
W hen  all  the  water  was  expelled,  or  when  I 
knew  the  quantity  of  it  contained  in  the 
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Iime-flone  or  chalk,  I ufed  a bafon  of  water 
and  bottles  filled  with  water,  making  allow- 
ance for  the  matter  imbibed  by  the  water. 

To  avoid  a tedious  detail  of  particulars 
which  do  not  immediately  relate  to  the  chief 
object  of  this  efiay,  I finall  only  mention 
fummarily  the  mod  pertinent  obfervations 
which  thefe  and  other  experiments  afforded  ; 
endeavouring  that  the  terms  in  which  I 
ihall  deliver  thefe  obfervations  fhall  defcribe 
the  experiments  iufficiently  for  thofe  who 
are  acquainted  with  modern  chemiffry. 

Observation  r . 

Lime-stone  or  chalk  heated  only  to  red* 
nefs,  in  a covered  crucible,  or  in  a perforated 
crucible  through  which  the  air  circulates 
freely,  loofes  only  about  one-fourth  of  it’s 
weight,  however  long  this  heat  be  continued. 
The  fort  of  lime  fo  formed  effervefces  conii- 
derably  in  acids,  flakes  flowly  and  partially 
to  a powder  which  is  not  white,  but  is  grey 
or  brown,  and  heats  but  little  in  flaking. 

In.  defcribing  heats  I do  not  regard  the 
heat  in  particular  parts  cf  the  fuel,  but 
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only  that  which  the  bodies  themfelves 
are  made  to  conceive  equally  through  their 
whole  mafs,  whether  they  be  in  veffels 
which  defend  them  confiderably  from  the 
action  of  the  fire,  or  fully  expofed  to  it  by 
their  immediate  contadt  with  the  fuel. 

k v * ■ 1 » • • ■ • 

Observation.  2. 

\ * 

Lime-stone  or  chalk  expofed  to  a heat  bareT 
ly  fufficient  to  melt  copper,  whether  in  a 
perforated  crucible  or  otherwife,  lofes  about 
one  third  of  its  weight  jn  twelve  hours,  and 
very  little  more  in  any  longer  time.  This  lime 
effervefces  but  (lightly  in  acids ; it  heats 
much  fooner  and  more  flrongly  than  the 
foregoing,  when  water  is  fprinkled  on  it, 
and  it  flakes  more  equably  and  to  a whiter 
powder.  In  a variety  of  trials,  this  lime 
appeared  to  be  in  the  fame  date  with  the 
befl  pieces  of  lime,  prepared  in  the  com- 
mon lime-kilns.  For  the  quantities  of  aci- 
dulous gas  obtainable  from  both  by  a 
ftronger  heat,  or  in  folution,  were  nearly 
equal ; they  flaked  in  equal  times,  with  the 
fame  phenomena,  and  to  the  fame  colour  and 
Condition  of  the  powder. 
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Observation.  3. 

The  lime  burned  in  perforated  crucibles^ 
or  in  the  naked  fire,  is  whiter  than  that 
burned  in  common  crucibles  covered,  in 
which  cafe  the  air  has  not  fo  free  accefs  to  it ; 
altho*  the  lofs  of  weight  be  the  fame  in  both  ; 
but  this  latter  kind  of  lime,  in  flaking, 
affords  as  white  a powder  as  any  other 
which  has  loft  equally  of  its  weight.  What- 
ever portion  of  phlogifton  it  retains  to  pro- 
duce this  dufky  colour,  is  either  detached  in 
the  flaking,  or  does  not  fenfibly  affe£t  the 
lime  in  any  ufe,  to  which  I applied  it. « 

O b ser  vati  on.  4. 

When  dry  chalk  or  lime-ftone  is  ufed,  in 
the  procefs  above  defcribed  for,  making  lime 
in  clofe  veffels,  and  for  examining  the  matter 
which  is  expelled  by  fire,  the  quantiry  of 
water  obtainable  from  it  by  any  heat-,  is  fo 
inconfiderable  as  to  deferve  no  notice  in  out 
menfuration  of  that  matter. 

Observation. 

Chalk  or  lime-ftone  heated  gradually  in 
thefe  clofe  veffels,  lofes  very  little  acidulous, 
gas  until  it  begins  to  redden  : after  this  the 
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elastic  fluid  iflues  from  it  the  quicker  as  the 
heat  is  made  greater,  and  continues  to  ifl’ue 
until  the  retort  glows  with  a vivid  white  heat 
fufficient  to  melt  fteei 

Observation.  6 

Forty-eight  ounces  of  chalk  yield  twen- 
ty-one ounces  of  elaftic  fluid,  the  firft  por- 
tions of  which  are  turbid  as  they  ifl'ue,  but 
foon  become  clear  without  lofs  of  bulk,  by 
the  condenfation  of  the  watery  vapour : the 
remaining  portions  ifliie  tranfparent  and  in- 
yifible.  One  thirty-fixth  of  this  elaftic  fluid, 
and  fometimes  much  more  of  it,  is  phlogiftic 
air,  the  remainder  is  pure  acidulous  gas. 

Observation.  7 
The  refiduary  lime  of  forty-eight  ounces 
of  chalk,  urged  with  fuch  heat  to  the  total 
expulfton  of  the  elaftic  fluids,  weighs  only 
twenty-feven  ounces,  whilft  it  is  red  hot. 
When  it  cools  it  weighs  more  by  reafon  of 
the  air  which  it  imbibes  as  the  fire  efcapes 

from  it. 
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Observation  8. 

When  no  more  heat  is  employed  than  h 
necefihry  for  the  expulfion  of  thefe  elaftic 
fluids,  the  refiduary  matter  is  found  con- 
tracted fenfibly  in  volume,  and  is  good  lime, 
tho’  not  fo  white  as  lime  prepared  in  the 
ufual  way.  With  water  it  flakes  inftantly, 
grows  hilling  hot  and  perfectly  white.  The 
ilaked  powder  is  exceedingly  tine,  except  in 
thofe  parts  of  the  lime  which  lay  in  contact 
with  the  retort,  which  are  always  fuperfL 
cially  vitrified,  becaufe  clay  and  lime  pro? 
fnote  the  vitrification  of  each  other. 

Observation  9, 

The  lumps  of  this  lime,  immerfed  in  lime- 
water,  or  boiling  water,  to  expel  the  air 
which  fuch  fpongy  bodies  imbibe  in- cooling, 
diflolve  in  marine  acid  without  fhewmg  any 
fign  of  effervefcence. 

Observation  10. 

Lime-stone  or  chalk  gradually  heated  in 
a crucible,  or  on  the  bed  of  a reverberatory 
furnace,  or  in  contact  with  the  fuel  in  a 
wind  furnace,  does  not  become  perfectly 
Jioneffervcfcent  and  fimilar  to  the  lime  laft  de- 
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fcribed,  in  flaking  inflantly,  and  growing 
hifTing  hot  when  water  is  fprinkled  on  it, 
until  it  has,  after  a ftrong  red  heat  of  fix  or 
eight  hours,  fuftained  a white  heat  for  an 
hour  or  more.  I underftand  by  a white  heat, 
that  which  is  fufficient  to  melt  cad  iron 
comnleatly. 

Obse rva tion.  ii. 

Lime-stones  heated  fufficiently  to  reduce 
them  to  lime  which  flakes  inftantly  with 
the  flgns  above  defcribed,  and  which  is 
perfectly  noneffervefcent,  do  not  in  general 
lofe  fo  much  of  their  weight  as  chalk-ftone 
does,  under  the  like  treatment.  Some  lime- 
ftones  lofe  little  more  than  a third  of  t[ieir 
weight.  Thofe  which  lofe  the  mod:, 
flake  the  quickefl:  and  to  the  fined  pow- 
der ; and  thofe  which  lofe  the  lead:,  flake 
the  flowred  and  to  a gritty  powder  com- 
pofed  of  true  lime  and  particles  chiefly  gyjw 
feous. 


Observation.  13. 

The  quantity  of  gypfum,  or  of  other- 
earthv  matter  in  well  burned  lime,  is  difcoverr 
able  by  weak  marine  acid ; for  this  diflolves 

and 
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and  wafhes  away  the  lime,  leaving  the  gyp? 
fum  to  be  meafured  when  dry,  the  part  of 
the  gypfum  which  diffolves  being  too  Imall 
to  deferve  any  attention  ; and  if  any  other 
earthy  matter  or  any  faline  matter  exifted  ir> 
the  lime-ftone,  it  vitrifies  with  part  of  the 
calcarious  matter  in  the  heat  neceffary  for 
making  noneffervefcent  lime,  and  is  feparable 
by  the  means  laft  mentioned,  and  even  by  a 
fine  fieve  in  moft  inftances. 

Observation.  13. 

When  lime-ftone  or  chalk  is  fuddenlv 
heated  to  the  high  eft  degree  above  defcribed, 
or  a little  more,  it  vitrifies  in  the  parts  which 
touch  the  fire  veflels,  or  furnace,  or  fuel,  and 
the  whole  of  it  becomes  incapable  of  flaking 
freely  or  adting  like  lime.  Lime-ftone  is 
the  more  apt  to  vitrify  in  fuch  circum- 
ftances,  as  it  contains  more  gypfeous  or  argilla- 
ceous particles ; and  oyfter-fhells  or  cockle- 
fhells  vitrify  more  eafily  than  lime-ftone  or 
chalk,  when  they  are  fuddenly  heated  ; 
which  I impute  to  their  faline  matter  ; for 
vyhen  they  are  long  weathered,  they  do  not 
vitrify  fo  eafily. 
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Observation.  14. 

The  agency  of  air  is  no  further  neceflary 
in  the  preparation  of  lime,  than  as  it  operates 
in  the  combudion  of  the  fuel. 

Observation.  15. 

Calcarious  ftones  acquire  the  properties 
of  lime  in  the  moft  eminent  degree,  when 
they  are  (lowly  heated  in  (mail  fragments 
until  they  appear  to  glow  with  a white  heat, 
when  this  is  continued  until  they  become 
noneffervefcent,  but  is  not  augmented.  The 
art  of  preparing  good  lime  confids  chiefly  in 
thefe  particulars. 

Observation  16. 

That  lime  is  to  be  accounted  the  pured 
and  fitted  for  experiment,  whether  it  be  the 
bed  for  mortar  or  not,  which  flakes  the 
quicked  and  heats  the  mod  in  flaking, 
which  is  whited  and  fined  when  flaked, 
which  when  wetted  with  lime-water  diflolves 
in  marine  acid  or  didilled  vinegar  without 
effervefcence,  and  leaves  the  fmallefl  quantity 
of  reflduary  undiffolved  matter. 


O b s E R 


t >3  3 


Observation  17. 

The  quick  flaking,  the  colour  of  the 
flaked  powder,  and  the  former  acid,  are 
the  moft  convenient,  and  perhaps  the  beft 
tefts  of  the  purity  of  lime.  The  whitenefs 
denotes  the  lime  to  be  free  from  metallic  im- 
pregnation;  the  others  fhew  any  imperfec- 
tions in  the  procefs  of  burning,  and  the  he- 
terogeneous matter  infeparable  from  the 
calcareous  earth  by  burning. 
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SECTION  III; 

Remarks  on  the  Phlogificated  Air  •which  ap- 
peared in  fome  of  the  foregoing  Experiments i 

AS  phlogifticated  air  had  not  been  no- 
ticed in  any  experiment  heretofore 
lnade  on  chalk  or  lime-done,  I refolved  to 
examine  the  eladic  fluid  detached  from  them 
in  the  ufual  method. 

I extricated  feveral  gallons  of  eladic 
fluid  from  chalk,  during  the  folution  of  it  in 
marine  acid  diluted  largely  with  water  ; and 
after  agitating  this  elaftic  fluid  with  the  necef- 
fary  quantity  of  water,  and  fometimes  with 
lime-water,  until  all  the  acidulous  gas  was 
imbibed  by  them,  I found  a refidue  con- 
fiding of  common  air,  which  was  about  one 
twenty-eighth  of  the  bulk  of  the  acidulous 
gas,  in  fome  trials,  in  others  it  was  much 
lels. 

As  I have  not  had  time  to  examine  lime- 
flones  in  the  fame  manner,  or  to  profecute 

this 
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this  fubjeft  by  other  experiments,  and  as  it 
does  not  appear  fufficiently  interefling  in  our 
prefent  enquiry  concerning  calcareous  ce- 
ments, I mull  content  myfelf  with  offering  a 
conje&ure  concerning  it. 

The  air  which  is  extricated  during  the  fo- 
llition  of  chalk,  feems  to  be  that  which 
chalk,  like  other  porous  bodies,  imbibes  by 
capillary  attraction  ; and  it  retains  its  proper 
character,  becaufe  all  the  phlogiftic  matter 
of  chalk  is  held  in  the  folution.  It  may 
happen  likewile  that  fome  air  efcapes  from 
the  water  whilft  it  imbibes  the  acidulous 
gas,  which  it  attracts  more  forcibly  ; and 
this  air  from  the  water  may  contribute  to  the 
bulk  of  that  which  appears  in  the  folution  of 
calcarious  bodies.  But  whilft  chalk  is  de- 
prived of  its  acidulous  gas  by  the  adtion  of 
fire,  the  air  which  was  held  in  its  pores, 
and  which  attracts  phlogifton,  is  expelled  in 
combination  with  phlogifton,  and  confe- 
quently  in  the  form  of  phlogiftic  air ; and 
the  air  contained  in  the  pores  and  in  the 
cavity  of  the  retort,  contributes  to  the  bulk  of 
the  phlogiftic  air  obtainable  in  this  manner. 
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This  conjecture  appears  the  more  probable 
when  we  confider,  that  the  quantity  of  air 
imbibed  by  porous  bodies  is  much  greater 
than  it  appears  in  any  experiments  made  with 
the  air  pump ; as  I Ihewed  in  my  public 
courfe  of  chemiltry  in  1776,  by  the  great 
increafe  of  weight,  which  red  hot  cnarcoal 
acquired  in  cooling  in  veflels  into  which 

nothing  ponderable  but  air  was  admitted. 
The  fame  attractive  powers  which  draw  air 
into  bodies,  and  condenfe  it  in  them,  refill 
the  expanlion  and  efcape  of  it  in  the  void ; 
and  detain,  in  fuch  a lituation  of  the  bodies, 
that  quantity,  whofe  repulfive  powers  are 
counterpoifed  by  the  attractive  powers. 
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SECTION  IV. 

Experiments  Jhewing  that  Lime  is  better  for 
Mortar  as  it  retains  lefs  acidulous  Gas , and 
Jhewing  fome  of  the  Caufes  of  the  Imperfection 
of  common  Mortar  . 

ON  divers  confiderations  it  appeared  to 
me,  that  the  perfection  of  lime  for* 
mortar  confiffs  chiefly  in  the  total  expulfion 
of  the  acidulous  gas  ; but  to  be  better  fatis- 
fied  of  the  truth  of  this  opinion,  I made  fe- 
Veral  parcels  of  mortar,  the  defcription  of 
which  will  be  abridged  by  obferving  in  this 
place  concerning  all  of  them,  that  the  fand 
employed  was  coarfe  Thames  fand,  fuch  as 
I ufe  in  my  fand  baths  ; that  the  lime  was 
flaked  as  foon  as  it  cooled  after  being  burned, 
and  with  the  fmalleft  quantity  of  water  ne- 
ceflary  for  this  purpofe  ; that  it  was  fifted 
through  a fine  brafs  wared  fieve  as  foon  as  it 
was  fully  flaked;  and  that  each  parcel  of 
mortar  was  beaten  and  brifkly  formed  with 
the  quantity  of  water  which  was  barely  fuffi- 
cient  to  give  it  the  ulual  confidence,  which 

G quantity 
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Quantity  I {hall  exprefs  in  the  pharmaceu- 
tical method  by  q.  f. 

Specimen  i. 

Sand  — — 3 

Pureft  ftone  lime,  defcribed  in  Obf.  io, 
and  1 6,  fed.  2,  — ) 

Water,  q.  f. 


* 

Sand,  — — -6 

Pureft  ftone  lime,  lad:  mentioned,  3 

Water,  q.  f. 


3* 

Sand,  — • — 3 

Pureft  chalk  lime,  defcribed  in  obf.  io 
and  1 6,  fed.  2.  — j 

Water,  q.  f. 

4* 

Sand,  — — - 6 

Pureft  chalk  lime,  laft  mentioned,  j 

Water,  q.  f. 


5.  Sand 


A 

3 
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Sand  ^ — — 

Stone  lime  of  the  bed  kind,  except  that 
it  was  burned  no  further  than  is  ex- 
preffed  in  the  fecond  obfervation  of 
the  fecond  fe&ion,  — • i] 

Water,  q.  f. 

6i 

Sand,  — — * & 

The  lad  mentioned  done  lime,  %. 

Water,  q.  f. 

7* 

Sand,  — - 3 

Chalk  lime  defcribed  in  the  fecond  obfer- 
vation of  the  fecond  fe&ion,  l 

Water,  q.  f. 

ii 

o* 

Sand,  — : & 

The  lad  mentioned  chalk  lime,  * 

Water,  q.  f. 

9* 

Sand,  — * — 

Imperfed  lime,  defcribed  in  obf.  i , fed.  2, 
but  formed  of  the  bed  lime-done, 

Water,  q.  f. 

C 2 xo.  Sand? 


oy 
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I 1 

% 

10. 

Sand,  — 

The  foregoing  lime,  — i 

Water,  q.  f, 


1 1. 

Sand,  — — ^ 

Imperfed  chalk  lime  defcribed  in  obf.  i, 
fed.  2,  — — i 

Water,  q.  f, 

12. 

Sand,  — -6 

Thelafl  mentioned  lime  — j 

Water,  q.  f. 

The  lime  of  the  9,  10,  11,  and  12  fpe- 
cimens  was  flaked  whilff  it  was  hilling  hot, 
in  a covered  veffel  ; becaufe  it  would  not 
flake  fufficiently  when  it  was  differed  to  cool 
before  the  water  was  fprinkled  on  it,  or 
when  it  s heat  was  foon  difhpated  by  a free 
expofure  to  the  air  and  hafty  evaporation  of 
the  water  : And  as  this  lime  required  feveral 
houis  to  flake,  I put  it  into  a bottle  as  foon 
as  ^ was  cool,  and  kept  it  well  flopped  for 
twenty-four  hours  before  I fiftcd  it. 


At 
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At  the  fame  time  I made  two  fpecimens 
of  mortar  with  common  chalk  lime  and  fand 
in  the  foregoing  manner. 

Each  fpecimen  was  fpread  as  foon  as  it 
was  made,  to  the  thicknefs  of  half  an  inch 
on  a plain  tile  previoufly  foaked  in  water ; 
the  tiles  were  numbered  and  kept  clofe  by 
each  other  in  an  airy  part  of  my  elaboratory 
until  the  mortar  was  dry,  and  then  they 
were  equally  expofed,  handing  upright,  in  a 
place  where  the  air  fun  and  rain  had  free 
accefs  to  them. 

In  the  courfe  of  fourteen  or  fifteen  months 
thefe  fpecimens  afforded  me  a great  deal  of 
information,  which  will  be  noticed  in  due 
time  ; even  in  the  fir  ft  fix  months  they  fhewed 
me  clearly  that  lime  is  the  better  for  mortar 
as  it  is  more  perfectly  freed  from  acidulous 
gas.  For  when  the  comparifon  was  made 
between  fpecimens  of  mortar  confift ing  of  the 
fame  quantities  of  lime  and  fand,  I found 
that  the  mortar  made  with  well  burned  non- 
effervefcent  lime,  hardened  fooner  and  to  a 
much  greater  degree,  than  mortar  made  with 
common  lime  or  my  ftone  or  chalk  lime 
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burned  in  the  manner  exprefled  in  the  fecond 
obfervation  of  the  fecotid  feCtion  : and  the 
fpecimens  made  with  the  hone  or  chalk  lime 
which  was  leaf!:  burned,  were  incomparably 
worfe  than  *my  of  the  others  ; for  they  never 
acquired  any  confiderable  hardnefs,  and  they 
mouldered  in  the  winter,  the  looner  as  they 
contained  more  of  the  lime  and  cracked  more 
in  drying. 

I obferved  that  the  fpecimens  wrhich  con- 
tained the  fmaller  quantities  of  wrell  burned 
lime  cracked  much  lefs  than  the  others,  or  not 
at  all ; that  they  adhered  to  the  tiles  more 
firmly,  and  were  lefs  injured  by  freezing  ; but 
as  the  fpecimens  made  with  an  excefs  of  the 
heft  burned  lime  were  not  more  cracked  than 
thofe  made  with  equal  quantities  of  the  other 
kinds  of  lime,  and  as  I could  diftinguifh  the  im- 
perfections arifing  from  the excefsof  lime,  from 
thofe  which  proceeded  from  the  bad  quality 
of  it,  I was  finished  that  the  lime  which  is 
molt  compleatly  burned  is  the  belt  for  mortar, 

Considering  the  heat,  which  I found  ne- 
cellary  to  extricate  the  laft  portions  of  acidu- 
lous gas  from  chalk  or  lime-ftone,  to  be  much 

greater 
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greater  than  what  is  ever  excited  in  making; 
lime  in  this  country  or  elfewhere,  fo  far  as  I 
had  obferved  or  could  learn  fiom  others  , I 
fufpe&ed  that  the  lime  commonly  ufed  in 
building  is  feldom  or  never  fufficiently  burned. 

On  repeated  trials  of  feveral  fpecimens  of 
fuch  lime,  I found  this  fufpicion  to  be  well 
founded,  for  they  all  effervefced  and  yielded 
acidulous  gas,  more  or  lefs,  during  the  folu- 
tion  of  them,  and  flaked  {lowly  in  compa- 
rifon  with  well  burned  lime. 

To  render  the  effervefcence  confpicuous,  a 
flrong  acid  ought  to  be  ufed,  becaufe  the 
quantity  of  water  in  a diluted  acid,  retains  a 
proportional  fhare  of  the  acidulous  gas,  and 
a certain  quantity  will  retain  the  whole  of  it, 
and  prevent  the  effervefcence  *,  becaufe  the  ef- 
fervefcence depends  on  the  efcape  of  the  elaff  ic 
fluid  out  of  the  folution.  This  is  exemplified 
in  the  mixture  of  diluted  vitriolic  acid  with 
the  diluted  folution  of  fait  of  tartar,  lately  re- 
commended as  a medicine  by  Dr.  Hulme  . for 
thefe  folutions  mix  without  effervefcence  ; 
although  a more  concentrated  folution  of  the 
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alkali  mixed  with  vitriolic  acid  effervefce9 
violently. 

By  feveral  experiments,  the  relation  of 
which  is  not  necelfary  for  thofe  who  are  in- 
drudted  in  chemidry,  and  would  be  uninte- 
reding  to  others,  I found  that  the  chalk  lime 
nfed  in  London,  when  taken  as  frefh  as  it  can 
be  had  at  the  lime-wharf  near  Blackfriars- 
bridge,  confids  of  pieces  which  being  the 
bed  burned  contain,  efpecially  in  their  cen- 
tral parts,  about  one- twentieth  of  their  weight 
of  acidulous  gas ; of  others  which  contain 
more;  and  of  others  which  retain  near  half 
their  original  quantity ; that  thefe  lad:  are 
ealily  difcoverable  by  their  fpecific  gravity 
and  hardnefs ; and  that  this  is  the  part  of 
our  common  lime,  which  flakes  the  lated  and 
of  the  dulkieft  colour,  or  which  never  flakes 
at  all. 

On  a peck  of  this  lime  I fprinkled  water, 
endeavouring  to  flake  it  equably  by  throwing 
the  mod  water  on  thofe  pieces  which  re- 
quired it  mod.  After  the  lime  had  dood  a 
quarter  of  an  hour,  to  flake,  I lifted  it  through 
a deve  whofe  apertures  were  fquares  of  one 

fixteenth 
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fixteenth  of  an  Inch ; and  then  meafuring 
the  part  which  could  not  pafs  through  the 
fieve,  I found  it  to  be  about  one  fifth  part  of 
a peck. 

I fprinkled  boiling  water  on  this  coarfe 
part,  and  put  it  in  a clofe  veflel  in  a warm 
place  to  accelerate  the  flaking  of  it. 

I made  a parcel  of  mortar  with  one  part  of 
the  lifted  lime  and  three  of  fand  with  a fuffi- 
cient  quantity  of  water  ; and  another  parcel 
with  one  part  of  the  lime  fix  of  fand  and  the 
neceflary  quantity  of  water ; and  I tried 
them  upon  tiles  in  the  manner  already  related, 

in  the  month  of  April,  the  weather  being 
dry. 

The  foregoing  coarfe  portion  of  the  lime, 
after  three  hours,  was  flaked  in  feveral  parts 
to  a greyilh  powder,  and  I could  perceive 
that  more  of  it  would  flake  in  a longer 
time.  I anticipated  this  by  reducing  the  un- 
flaked part  to  powder  and  mixing  them  toge- 
ther. 


With 
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With  this  powder  and  fand  and  water  iif 
the  foregoing  proportions  I made  two  fpeci- 
mens  of  mortar,  and  expofed  them  as  I had 
done  by  the  former. 

In  a few  months  it  appeared  that  the  fpe- 
cimens  laft  mentioned  fcarcely  deferved  the 
name  of  mortar  ; whilft  thofe  made  with  the 
firh  flaked  part  of  the  lime,  were  but  little 
inferior  to  the  bed  fpecimens  made  wTith  the 
fame  proportions  of  chalk  lime  and  fand. 

These  experiments  confirmed  me  in  the 
opinion  that  lime  is  the  better  for  mortar 
as  it  is  freer  from  acidulous  gas  ; they  fhewed 
one  of  the  caufes  of  the  badnefs  of  our  com- 
mon mortar  ; and  how  to  manage  ill-burnt 
lime,  when  better  cannot  be  had, 

The  workmen  ufually  flake  the  lime 
mixed  with  the  fand  or  gravel  in  great  heaps, 
and  do  not  fkreen  it  until  the  moll:  ufefuf 
part  is  debafed  by  that  which  flakes  after  five 
or  fix  hours  or  more,  and  which  is  little  bet- 
ter than  lo  much  powder  of  chalk.  But  if 
they  would  Ikreen  the  lime  in  about  half  an 

hour 
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hour  after  the  water  is  thrown  on  it,  the 
mortar  would  be  much  better,  although  the 
quantity  of  lime  in  it  fhould  be  much  lefs  5 
for  I obferved  in  all  the  foregoing  fpecimens, 
that  thofe  which  contained  the  fmallefl 
quantity  of  lime  were  the  bed: ; and  this 
quantity  is  much  fmaller  than  is  ufually  em- 
ployed in  making  mortar. 

These  remarks  are  applicable  to  mortar 
made  with  flone-lime  ; though  the  ftone-lime 
be  generally  better  than  the  chalk-lime  ufed 
in  London,  becaufe  they  are  obliged  to  burn 
it  better,  as  it  will  not  flake  otherwife. 

In  the  brief  relation  of  thefe  experiments  I 
have  taken  no  notice  of  the  flint  kernels  which 
frequently  occur  in  chalk-lime,  or  of  the 
other  ftoney  mafles  different  from  the  cal- 
carious,  which  are  found  in  lime-flone ; be- 
caufe I took  care  that  they  fhould  not  lead 
me  into  any  errors. 

W hen  firfl  I noticed  the  quantity  of  chalk- 
lime  which  flakes  lateft  or  not  at  all,  I fuf- 
pefled  that  this  difference  might  in  fome  de- 
gree be  owing  to  the  admixture  of  argillaceous 

or 
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or  other  matter;  but  on  trying  thefe  parts  in 
acids,  and  after  burning  feveral  fpecimens  of 
them,  I was  convinced  that  the  only  impe- 
diment to  their  flacking  confifted  in  their 
not  being  fufficiently  burnt  in  the  kiln. 
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SECTION  V. 

Experiments Jhewing  how  quickly  lime  imbibes  aci- 
dulous gas , and  is  injured  by  Expofure  to  Air : 
Practical  Inductions , &c. 

IT  was  already  known  that  lime  expofed 
to  air  gradually  lofes  thofe  characters 
which  chiefly  diftinguilh  lime  from  whiting 
or  powder  of  chalk,  and  that  it  refumes  the 
acidulous  gas  which  had  been  expelled  from 
it  in  burning.  But  as  I was  defirous  to  know 
in  what  meafure  or  time  thefe  changes  take 
place,  and  in  what  circumftances  they  are 
accelerated  or  retarded,  I made  the  following 
Experiments. 

On  the  2 2d  of  Auguft  1776  I expofed  two 
pounds  avoirdupoife  of  well- burned  noneffer- 
vefeent  chalk  lime,  in  fragments  of  the  fize 
of  a walnut  fpread  on  a board,  in  a dry  un- 
frequented room.  I expofed  the  fame  quan- 
tity of  this  lime,  at  the  fame  time  and  in  the 
lame  manner,  in  a paflage  through  which 
there  was  a conftant  current  of  air ; and  I 

put 
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put  the  fame  quantity  of  this  lime,  in  frag- 
ments of  the  fame  fize,  in  a box  which  might 
hold  as  much  more  of  it,  and  placed  the  box 
loofely  covered  with  its  lid,  clofe  by  the  firffe 
portion  of  lime. 

In  24  hours  the  fuperficial  lumps  of  the 
firfl  parcel  cracked  in  fome  parts  a little,  thofe 
of  the  fecond  cracked  more,  thofe  of  the 
third  were  not  vifibly  altered.  In  forty-eight 
hours  the  firfl  parcel  cracked  fo  much  as  to 
fall  into  fmaller  fragments  on  being  moved, 
and  thefe  were  reducible  to  powder  by  profi- 
ling them  between  the  fingers  : The  fecond 

parcel  underwent  the  like  or  rather  a greater 
change,  for  it  was  more  cracked  and  friable  : 
The  third  now  begun  to  crack  in  the  fu- 
perficial parts. 

On  weighing  them,  I found  that  the  firfl 
parcel  weighed  two  pounds  five  ounces,  the 
fecond  two  pounds  fix  ounces  and  one  drachm, 
the  third  two  pounds  one  ounce  ten  drachms: 
I then  returned  them  to  their  former  fta«* 
tions. 


In 
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In  fix  days  the  firH  parcel  weighed  two 
pounds  ten  ounces  feven  drachms  ; the  fe- 
cond  two  pounds  twelve  ounces  one  drachm  ; 
the  third  two  pounds  four  ounces  eight 
drachms. 

In  twenty-one  days  the  firfl  parcel  weighed 
three  pounds  one  drachm ; the  fecond  three 
pounds  two  ounces  one  drachm  and  a half; 
the  third  two  pounds  fix  ounces  eight 
drachms. 

During  this  increafe  of  weight  the  frag- 
ments fplit  into  frr.aller  pieces,  but  did  not 
fall  into  powder,  except  in  a fmall  part  ot 
them,  or  when  they  were  handled. 

By  fimilar  experiments  made  on  well  burned 
Hone  lime  I found  that  this  imbibes  matter 
from  the  air  nearly  in  the  fame  manner  as 
chalk  lime,  but  rather  more  flowly  ; which  I 
think  is  owing  to  its  clofer  texture. 

On  expofing  common  chalk  or  Hone  lime 
in  the  fame  way,  I find  that  it  increales  in 
weight  much  lefs  and  more  flowly. 


i 
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To  difcover  the  quantity  of  water  which  thd 
lime  imbibed  from  the  air,  and  which  con" 
tributed  to  this  increale  of  weight,  I put  each 
parcel  in  a glafs  retort ; and  adjuring  to  it 
my  apparatus  whereby  all  that  is  con- 
denfible  is  faved,  whilft  elaflic  fluids  are  at 
liberty  to  efcape,  I found  that  the  quantity 
of  water  contained  in  each  parcel  of  lime, 
was  nearly  in  fome,  and  in  others  accu- 
rately one-twenty-fourth  of  the  gained 
weight,  the  remainder  of  the  weight  gained 
was  of  acidulous  gas  mixed  with  a little  air, 
which  latter  I do  not  reckon,  becaufe  it  was 
already  weighed  in  the  lime. 

If  a glafs  bottle  be  filled  with  fragments  of 
well-burned  chalk  lime,  or  ftone  lime,  or 
fhell  lime,  and  well  flopped  with  a ground 
glafs  ftopple  (lightly  wraxed  where  it  fits  the 
neck  of  the  bottle,  the  lime  will  remain  un- 
altered in  weight,  or  in  any  other  known 
particular,  for  a year  or  two ; as  I have  re- 
peatedly experienced  : even  the  phofphoref- 
cence  of  lime  is  thus  preferved  in  its  full 
luflre,  for  a year  or  more. 

Thus  it  appeared  that  well  burned  lime 
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imbibes  acidulous  gas  from  the  air,  the 
fooner  as  it  is  the  more  fully  expofed  to 
it : that  lime  imbibes  this  matter  from  the 
open  air,  the  more  greedily  as  it  is  more  per_ 
fedtly  deprived  of  it  previous  to  the  expolure  : 
that  lime  cannot  be  long  preferved  unal- 
tered in  any  veflels  which  are  not  pei  feebly 
air-tight,  but  may  be  kept  uninjured  for  any 
time  in  air-tight  veflels  filled  with  it : that 

chalk  lime,  by  reafon  of  its  fponginefs,  or 
by  fome  other  condition  of  it,  requires  to  be 
kept  lefs  expofed  than  {tone  lime,  and  wTell 
burnt  lime  lefs  expofed  than  common  lime, 
to  render  the  depravation  of  them  equal  in 
equal  times  : that  if  acidulous  gas  imbibed 
bv  lime  previous  to  its  being  ufed  in  mortar, 
be  as  injurious  to  the  mortar,  as  the  acidulous 
gas  retained  in  equal  quantity  by  ill- burned 
lime  is,  lime  grows  the  more  unfit  for  mortar 
every  hour  that  it  is  kept  expofed  to  an, 
whether  in  a heap,  or  in  calks  pervious  to 
air. 

I think  moreover  that  thefe  experiments 
fhew  that  lime  undergoes  thefe  changes  by 
expofure,  much  quicker  than  has  been  fufl* 
pedted  ; fince  well  burned  chalk  lime  kept  in 
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a dr'y  room,  imbibes  near  a pound  of  acidulous 
gas  in  three  weeks,  in  the  lummer  feafon. 

Not  to  truft  to  theory  what  I could  prove 
by  experiment,  I did  not  reft  fatisfed  with 
the  obfervations  and  reafons  which  might 
perfuade  one  that  lime,  which  has  imbibed 
fome  acidulous  gas,  is  as  unfit  for  the  ufes 
now  under  confideration,  as  lime  which  re- 
tains an  equal  quantity  of  the  like  matter 
by  reafon  of  the  deficiency  of  heat  in  burn- 
ing it, 

I tried  parcels  of  well  burned  chalk  and 
ftone  lime,  fome  of  which  were  ufed  frefh, 
others  expofed  two  days,  others  fix  days, 
others  twenty-one  days,  in  the  fame  circum- 
ftances ; by  making  feveral  fpecimens  of 
mortar  with  them,  and  expofing  the  fpeci- 
mens in  the  manner  already  related : and  in 
a few  months  I was  fatisfied  that  the  fpeci- 
mens made  with  frefh  lime  were  the  hardeft 
and  beft,  and  that  the  others  were  worfe  as 
the  lime  of  them  had  been  longer  expofed  : 
for  thofe  made  with  the  lime  which  had 
been  expofed  three  weeks  and  had  gained 
four  or  five  ounces  to  each  pound,  were  fo 
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ealily  cut  or  broke,  fo  much  affected  by 
moifture  and  drying,  and  fo  liable  to  break 
off  from  the  tiles,  as  to  be  utterly  unfit  for 
the  ordinary  ufes  of  mortar. 

After  this  there  remained  no  doubt  that  lime 
grows  worfe  for  mortarevery  day  that  it  is  kept 
in  the  ufual  manner  in  heaps  or  in  crazy  calks  ; 
that  the  workmen  are  miftaken  in  thinking 
that  it  is  fufficient  to  keep  it  dry  ; that  lime 
may  be  greatly  debafed  without  flaking  fen- 
fibly ; and  that  the  luperficial  parts,  of  any 
parcel  of  lime,  which  fall  into  fmall  fragments 
or  powder  without  being  wetted,  and  merely 
by  expofure  to  air,  are  quite  unfit  for  mortar  ; 
fince  this  does  not  happen  until  they  have 
imbibed  a great  deal  of  acidulous  gas. 

I now  faw  more  clearly  another  caufe.  of 
the  imperfection  of  our  common  cements. 
The  lime  being  expol'ed  a confiderable  time 
before  it  is  made  into  mortar,  and  drinking 
in  acidulous  gas  all  the  while,  the  quicker  as 
it  is  the  better  burned,  is  incapable  of  afting 
like  good  lime,  when  it  is  made  into  mortar ; 
and  often  approaches  to  the  condition  of 
whiting,  which  with  fand  and  water  makes 
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a friable  perifhable  mafs,  however  carefully 
it  be  dried.  In  London  particularly  they  uie 
lime  which  is  burned,  at  the  diftance  of  ten 
or  twenty  miles  or  more,  in  Kent  and  elfe- 
where,  with  an  inefficient  quantity  of  fuel. 
This  lime  remains  in  the  kiln,  to  which  the 
air  has  accefs,  for  many  hours  after  it  is 
burned.  It  is  expofed  for  fome  days  in  the 
tranfportation,  and  on  the  lime-wharfs ; and 
it  undergoes  further  expofure  and  carriage 
before  the  artift  flakes  it  for  mortar.  It 
is  no  wonder  that  the  London  mortar  is 
bad,  if  the  imperfection  of  it  depended 
folely  on  the  badnefs  of  the  lime  ; fince  the 
lime  employed  in  it,  is  not  only  bad  when  it 
comes  frefh  from  the  kiln,  but  becomes 
worfe  before  it  is  ufed,  and  when  flaked  is 
as  widely  different  from  good  lime,  as  it  is 
from  powdered  chalk. 
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SECTION  VI. 

Experiments  and  Obfervations  made  to  determine 
whether  Mortar  be  the  better  for  being  long 
kept  bejore  it  is  nfed. 

I AM  generally  difpofed  to  think  that 
there  is  fome  good  re?  ion  for  any  prac- 
tice which  is  common  to  all  men  of  the 
lame  trade,  although  it  may  not  be  eafily 
reconcilable  to  the  notions  of  others  \ and 
feeing  that  the  builders  flake  a great  quan- 
tity of  lime  at  once,  more  than  they  can  ufe 
for  fome  days,  and  that  all  thofe,  whom  I 
converfed  with,  efteemed  mortar  to  be  the 
better  for  being  long  made  before  it  is  ufed; 
and  that  plaifterers  particularly  follow  this 
opinion  in  making  their  finer  mortar  or 
flucco  for  plaiftering  within-doors ; I was 
defirous  to  difeover  the  grounds  of  thefe 
meafures  fo  repugnant  to  the  notions  gathered 
from  the  foregoing  experiments  and  others. 

In  the  month  of  March  1777  I ma^e 
about  a peck  of  mortar,  with  one  part  of  the 
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frefhed  and  bed  chalk  lime  flaked,  fix  parts 
of  fand,  and  water  q.  f;  for  in  a great  number 
of  experiments,  1 obferved  that  this  propor- 
tion of  lime  was  better  than  any  larger  which 
I had  tried,  or  which  the  workmen  obfervc 
in  making  mortar. 

I formed  the  mortar  into  an  hemifphe- 
rical  heap  on  the  paved  floor  of  a damp  cel- 
lar, where  it  remained  untouched  twenty- 
four  days.  At  the  expiration  of  this  time,  I 
found  it  hardened  at  the  fur  face  ; but  moid, 
and  rather  friable  or  fhort  than  plaffic  in  the 
interior  parts  of  it. 

I beat  the  whole  of  it  with  a little  water 
to  its  former  confidence ; and  with  this 
mortar  and  clean  new  bricks,  1 built  a wall 
eighteen  inches  fquare  and  half  a brick  in 
thicknefs,  in  a workman-like  manner.  On 
the  fame  day  I made  mortar  of  the  fame 
kind  and  quantities  of  frefh  chalk  lime  and 
fand,  tempered  in  the  fame  manner;  and  I 
built  a wall  with  it,  like  the  former,  near  it, 
and  expofed  equally  to  the  weather. 
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I examined  the  mortar  in  the  joints  of 
thefe  walls  every  fortnight,  by  picking  it 
with  a pointed  knife,  and  could  perceive  a 
very  contiderable  difference  in  the  hardnefs 
of  them  ; the  mortar  which  was  ufed  frefh 
being  invariably  the  hardsft« 

At  the  expiration  of  twelve  months,  in- 
pulling  thefe  walls  to  pieces,  and  by  feveral 
trials  of  the  force  necefiary  to  break  the 
cement  and  feparate  the  bricks,  I found  the 
mortar  which  had  been  ufed  quite  frefh,  to 
be  harder  and  to  relift  fra&ure  and  the  fepa- 
ration  of  it  from  the  bricks,  in  a much  gi  eater 
degree  than  the  other  fpecimen. 

Considering  that  mortar  expofed  in  the 
foregoing  manner,  muft  imbibe  fome  acidu- 
lous gas,  though  not  fo  much,  perhaps,  as  the 
dry  and  fpongy  lumps  of  lime  drink  in,  dur- 
ing the  fame  time  ; that  the  additional  quan- 
tity of  wrater  necelfary  in  beating  it  up  the 
fecond  time,  muft  have  introduced  more  of 
the  like  matter,  as  all  native  waters  contain 
fome  quantity  of  it ; that  the  frefh  expofure 
in  the  laft  mentioned  agitation  of  the  mortar 
muft  have  contributed  fomething  to  the  fame 
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efFeft;  and  laflly  that  the  event  of  this  expe- 
riment coincided  with  the  notions  already  de- 
rived from  others;  I concluded  that  mortar 
grows  worfe  every  hour  that  it  is  kept  be- 
fore it  is  ufed  in  building,  and  that  we  may 
reckon  as  another  caufe  of  the  badnefs  of 
common  mortar,  that  the  workmen  make 
too  much  at  once,  and  falfly  imagine  that  it 
is  not  the  worfe  but  better  for  being  kept 
fome  time. 

Having  in  confequence  of  thefe  obferva- 
tions  had  a great  deal  of  converfation  with 
workmen  on  this  fubjeft,  I could  perceive 
the  origin  of  this  error. 

Some  portions  of  every  kind  of  lime  ufed 
in  this  country,  do  not  flake  freely,  by  rea- 
fon  of  their  not  being  fufficiently  burned, 
or  of  the  admixture  of  gypfeous  or  argil- 
laceous matter;  and  thefe,  like  marie,  flake 
in  time,  though  not  fo  quickly  as  the  purer 
lime. 

The  plaifterers,  who  ufe  a finer  kind  of 
mortar  made  of  fand  and  lime,  obferve  that 
their  plaifler  or  ftucco  bidders,  when  it  con- 
tains 
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tains  finall  bits  of  unflaked  lime;  and  as  their 
purpofe  is  to  work  their  ftucco  to  a fmooth 
furface,  and  to  fecure  it  from  cracking,  or  any 
fuch  roughnefs  as  would  be  occafioned  by 
the  flaking  or  mouldering  of  bits  of  calca- 
reous matter  in  the  face  of  it ; and  as  the  hard- 
nefs  of  the  flucco  is  not  their  chief  objeft ; 
they  very  properly  keep  their  mortar  a confi- 
derable  time  before  they  ufe  it,  to  the  en^ 
that  the  bits  of  imperfect  lime,  which  palled 
through  the  Ikreen,  may  have  time  to  flake 
thoroughly. 

It  appears  to  me  that  there  is  another  rea- 
fon,  which  the  workmen  do  not  notice,  for 
their  procefs.  Lime  foon  imbibes  fo  much 
acidulous  gas  from  the  air,  as  to  be  in- 
creafed  in  bulk,  and  in  weight  beyond  the 
half  of  its  former  quantity;  and  as  ftucco 
for  infide  work,  for  the  fake  of  a fipe  grain 
and  even  furface,  muft  have  a greater  quan- 
tity of  lime  in  its  compofition,  than  is  ne- 
ceflary  for  cementing  the  grains  of  fand  to- 
gether ; the  incruftation  would,  by  the  accefs 
of  acidulous  gas  after  it  is  laid  on,  be  apt  to 
fwell  and  chip  and  lofe  the  even  furface, 
if  the  lime  were  frefh  when  it  is  ufed  in  this 
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exceflive  quantity.  But  this  inconvenience 
is  obviated  by  their  procefies,  in  which  the 
lime,  whether  flaked  into  water  or  other- 
wife,  imbibes  a confiderable  quantity  of  the 
gas,  and  is  therefore  the  lefs  apt  to  blifler 
or  fwell,  after  the  flucco  is  laid  on. 

The  builders  confidering  the  plaiflerers 
mortar  or  flucco  as  a finer  and  better  kind 
of  mortar,  think  it  not  amifs  to  imitate  them 
in  thofe  particulars  which  are  not  attended 
with  any  expence,  and  efpecially  in  the 
practice  of  flaking  a great  deal  of  lime  at 
once,  and  of  keeping  the  mortar  made  fome 
time;  and  they  do  not  feem  to  know,  that 
fuch  meafures  prevent  the  mortar  from  ever 
acquiring  that  degree  of  hardnefs  in  which 
the  perfe&ion  of  mortar  truly  confifls. 
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SECTION  VII. 

Of  the  Depravation  of  Mortar  by  the  common 
Method  of  ufing  the  Waters  and  of  the  Ufe  of 
Lime  water . 

FINDING  byreafonand  experience,  the 
advantage  of  totally  expelling  the  gas, 
and  preventing  the  return  of  it  to  lime  or 
even  to  mortar  before  it  is  ufed  ; and 
knowing  that  common  water,  which  is  em- 
ployed in  great  quantities,  firft  in  flaking 
lime,  and  then  in  making  mortar,  contains 
a great  deal  of  the  noxious  gas;  it  occured 
to  me  that  the  vulgar  procefs  of  making 
mortar  is  in  this  frelh  inftance  injudicious,  as 
it  tends  to  injure  materials  otherwife  good. 

They  flake  lime  in  fuch  a manner  that 

/ 

almofl  the  whole  of  the  water  is  evaporated, 
and  contributes  nothing  to  the  mortar,  except 
fo  far  as  it  depofites  its  gas  in  the  lime  and 
injures  it ; and  then  the  flaked  dry  lime  and 
the  fand,  require  more  water  to  make  them 

into 
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into  mortar.  I have  found  the  quantity  of 
water  ufed  for  both  thefe  purpofes,  to  be 
twice  the  weight  of  the  lime,  at  the  leaft. 

The  quantities  of  acidulous  gas  known  to  be 
contained  in  the  waters  commonly  ufed  in  mak- 
ing mortar,  muft  greatly  debafethe  lime  which 
is  thus  expofed  to  double  its  weight  of  fuch 
water;  and  upon  thefe  grounds  I was  allured, 
a priori,  that  it  would  be  a confiderable  im- 
provement in  mortar,  to  ufe  no  water  in  it 
except  what  has  been  previoufly  freed  from 
acidulous  gas. 

This  is  done  in  making  lime-water;  and 
the  ufe  of  lime  water  appeared  advantageous 
in  another  point  of  view.  One  feven  hun- 
dredth part  of  lime  water  being  lime,  accord- 
ing to  the  experiments  of  Mr.  Brandt  which 
I find  to  be  true ; and  this  lime  being  in- 
troduced in  a hate  of  folution  which  favours 
the  cryftalination  of  it  between  the  grains  of 
fand,  affifts  in  cementing  them  together  by 
the  utraoft  attractive  forces  of  its  parts,  if 
my  notions  of  the  polarity  of  tliele  parts 
be  true. 
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I made  divers  experiments  to  try  the  pmo 
tical  validity  of  this  reafoning,  and  found  it 
to  be  true  : for  on  comparing  fpecimens  of 

mortar  made  with  my  heft  lime  flaked  with 
river  water,  and  fand  and  water,  and  Ipread 
on  tiles  foaked  in  water,  with  other  fpeci- 
mens made  with  the  fame  proportions  of  lime 
flaked  with  lime  water  and  find  and  lime 
w^ater,  and  fpread  on  tiles  previoufly  foaked 
in  lime  water,  the  latter,  at  every  age  of  them, 
were  fenfibly  harder,  and  they  adhered  to 
the  tiles  better  than  the  former.  I muff  ob- 
ferve  however,  that  fuch  diflindtions  cannot 
ealily  be  made,  except  by  thofe  who  have 
a great  deal  of  experience  in  thefe  trials  and 
companions.  On  repeated  examinations  of  thefe 
and  my  other  fpecimens,  I was  highly  en- 
couraged in  my  purfuit ; for  thofe  made  with 
lime  water  wTere  better  near  the  furface  than 
any  I had  ever  made;  and  I had  goodreafons 
to  be  perfuaded  that  the  extraordinary  indu- 
ration would  proceed  in  time  through  the 
whole  mafs. 
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SECTION  VIII. 

4 

t 

Experiments  made  with  a View  to  approximate 
the  bejl  Proportions  of  Lime  Sand  and  Water  % 
for  Mortar . 


TN  reading  over  my  notes,  and  examining 
JL  the  fpecimens  of  mortar  which  I had  hi- 
therto made,  I perceived  that  thofe  were  the 
heft  which  being  made  with  common  frefh 
lime,  or  with  Well  burned  lime,  contained  the 
leaft  of  it ; that  is  one  ounce  of  lime  in  fix  or 
more  of  fand  ; and  finding  this  quantity  of  lime 
to  be  much  lefs  than  is  ufed  in  the  common 
way  of  making  mortar  ; and  fufpedting  that 
as  a wall  may  be  the  weaker  for  its  containing 
too  much  mortar,  which  widens  the  joints, 
i'o  mortar  may  be  weakened  by  the  introduc- 
tion of  more  lime  than  is  neceflary  to  cement 
the  grains  of  fand  together  ; I thought  an- 
other caufe  of  the  defedt  of  common  mortar 
opened  to  my  view  ; and  that  it  was  advifable 
to  determine  by  experiment,  what  is  the  heft 

proper* 
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proportion  offline  to  fand,  in  making  mortar 
in  which  lime  water  is  ufed. 


I made  five  parcels  of  mortar  with  my  befi: 
ftone  lime  recently  flaked  with  lime  water, 
and  with  the  coarfe  Thames  fand,  in  the 
following  proportions  by  weight. 


1. 

Slaked  lime  — 
Sand  — 

Lime  water,  q.  f. 

2. 

Slaked  lime  — 

Sand  — 

Lime  water,  q.  fi 

Slaked  lime  — 

Sand  — 

Lime  water,  q.  f. 

Slaked  lime  — 

Sand  — 

Lime  water,  q.  f. 


t 

A 


i 

5 


i 

6 


r 

7 


5- 


Slaked 
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Slaked  lime 
Sand 

Lime  water,  q.  f. 

This  latter  fpecimen  was  not  fufficiently 
plaflic  for  common  u£e  ; or  as  the  workmen 
exprefs  themfelves,  it  was  too  fhort.  I fur- 
ther obferved  that  the  quantity  of  water  re- 
quired to  make  mortar  to  the  proper  temper, 
is  greater  as  the  quantity  of  lime  is  greater 
relatively  to  the  quantity  of  fand. 

I spread  thefe  on  tiles  in  the  month  of 
June,  and  expofed  them  to  the  air  and  the 
fun,  which  then  was  very  hot. 

As  my  former  experience  taught  me  to 
expect  that  fome  of  thefe,  in  haity  drying, 
would  crack  confiderably  ; and  as  mortar,  in 
building,  is  not  liable  to  dry  fo  quickly  as 
thefe  fpecimens ; in  order  to  render  the  in- 
ferences from  thefe  experiments  the  more 
general,  I made  five  other  parcels  of  mortar 
in  the  fame  manner  and  expofed  them  in  the 
fame  way,  in  every  relpeft,  except  that  the 
direct  rays  of  the  fun  could  not  fall  on  them 
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or  heat  the  pavement  on  which  they  flood. 
In  three  days  I found  this  neceffary,  for  the 
fir  A of  thofe  which  flood  expofed  to  the  fun 
Cracked  coniiderably,  the  fecond  cracked 
iefs,  the  third  (hewed  three  or  four  very 
(lender  fiffures  vifible  only  on  a very  clofe 
infpe&ion,  the  fourth  and  fifth  fhewed  no 
cracks  at  this  time,  nor  in  a month  after- 
wards, when  the  fiffures  of  the  others  were 
coniiderably  enlarged. 

Of  the  (pecimens  kept  in  the  (hade  and 
examined  on  the  third  dav  like  the  former 
the  firfl  was  cracked  in  divers  parts,  the  fe- 
cond fhewed  two  or  three  very  (lender 
cracks,  the  reff  were  not  cracked  in  the 
lead,  and  never  cracked  afterwards,  although 
I was  forced  to  remove  them  to  the  place 
where  the  others  flood. 

■ w ' r i ' 

Thus  it  appeared  in  a very  fhort  time  that 
an  excefs  of  lime  difpofes  mortar  to  crack, 
and  confequently  injures  it  ; that  the  higheft 
proportion  of  lime  to  fuch  (and,  which  may 
be  ufed  without  incurring  this  inconvenience, 
depends  on  the  circumflances  in  which  the 
mortar  is  to  be  expofed  ; that  no  more  than 

E one 
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.one  part  of  lime  to  feven  of  coarfe  fluid 
ought  to  be  ufed  in  jnortar  which  is  to  dry 
quickly  ; and  lefs  lime  may  not  be  ufed,  be- 
caufe  it  does  not  render  the  mafs  fufficiently 
■plaftic  for  building  or  incruflation  ; and  that 
if  a greater  proportion  of  lime  to  fuch  land 
improves  the  mortar  in  any  refpect,  it  is  to 
be  ufed  only  where  the  mortar  cannot  dry  fo 
quickly  as  it  did  in  the  fpecimens  expofed  to 
the  fun. 

In  the  courfe  of  nine  months  I clearly  per- 
ceived that  thofe  fpe.cimens  which  ftood  in 
the  ihade  for  the  ftrft  three  days,  were 
harder,  and  better  in  other  refpe&s,  than 
thofe  which  were  fuddenly  expofed  to  the 
fun,  the  companion  being  made  between  the 
fpecimens  which  contained  the  fame  pro- 
portions of  lime,  and  which  cracked  the 
lead:,  or  not  at  all : and  of  all  the  Ipecimens, 
thofe  were  the  belt  which  contained  one 
part  of  lime  in  feven  of  the  land  : for  thofe 
which  contained  lefs  lime,  and  were  too 
fhort  whild:  frefh,  were  more  ealily  cut  and 
broke,  and  were  pervious  to  water  ; and 
thofe  which  contained  more  lime,  although 
they  were  clofcr  in  the  grain,  did  not  harden 

io 
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fo  foon  or  to  fo  great  a degree,  even  when 
they  efcaped  cracking  by  lying  in  the  (hade 
to  dry  (lowly. 

I therefore  concluded  that  hady  drying 
injures  mortar  made  in  any  proportions  of 
fuch  fand  and  the  bed  lime ; and  that  the 
bed  proportion  is  one  of  lime  in  feven  of 
fand,  whether  the  mortar  is  to  be  quickly 
dried  or  not. 

I Must  obferve  however  that  thefe  conclu- 

v 

fions  were  made  rather  with  a view  to  my 
future  experiments,  in  which  an  approxima- 
tion to  the  bed  proportions  of  lime  and  fand 
and  the  bed  treatment  of  the  mortar  would 
five  a great  deal  of  trouble,  than  to  any  ge- 
neral and  invariable  rule  for  making  mortar. 

I reserved  it  to  be  mentioned  in  this 
place,  that  I fet  apart  four  ounces  of  each  of 
the  foregoing  fpecimens  of  mortar,  and 
fpread  thefe  portions  feverally  on  plates  of 
thin  window  glais,  to  the  thicknefs  of  a 
quarter  of  an  inch  or  thereabouts ; and  I 
noted  the  weight  of  each  plate  with  its  fpe- 
cinien  of  mortar  recently  made. 

E 2 
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These  being  equally  expofed  to  the  fun 
and  weighed  at  different  periods  were  found 
to  lofc  weight  in  equal  times  nearly  in  the 
proportion  of  the  quantity  of  lime  or  of  wa- 
ter ufed  in  making  them  ; and  the  f mailed: 
lofs  of  weight  when  the  fpecimens  were  per- 
fectly dry  and  confiderably  hardened,  was 
one-tenth  of  the  weight  of  the  fame  fpeci- 
mens recently  made. 


In  many  former  experiments  I had  oh- 
ferved,  but  refervcd  it  to  be  mentioned  in 
this  place,  that  mortar  which  fets  without 
cracking,  whether  this  be  owing  to  the  due 
proportion  of  fand,  or  to  the  flow  exhalation 
of  the  water  from  mortar  containing;  lefs 
fand ; never  cracks  afterwards,  whatever 
other  faults  it  may  have:  the  fpecimens  men- 
tioned in  this  feCtion,  after  a trial  of  eighteen 
months  afforded  the  fame  obfervation. 


By  the  fetting  of  mortar,  I underftand  that 
fohdity  which  it  acquires  by  mere  drying, 
and  which  differs  widely  from  the  induration 
that  takes  place  in  time  by  other  means 
which  we  fhall  prefently  confider. 


* ^ 
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Seeing  then  that  the  quantity  of  water  in 
mortar  is  as  the  quantity  of  lime,  that  the 
dffures  happen  only  in  the  drying  or  letting, 
that  the  danger  of  cracking  is  greater,  not 
merely  as  the  quantity  of  water  is  greater 
relatively  to  the  land,  nor  merely  as  the  wa- 
ter is  more  expeditioullv  exhaled,  but  in  a 
rate  compounded  of  thefe  ; I interred  that 
mortar  which  is  to  be  ufed  where  it  muft 
dry  quickly,  ought  to  be  made  as  {lift,  as  the 
purpofe  will  admit,  that  is,  with  the  fmalleft 
practicable  quantity  of  water ; and  that  mor- 
' tar  will  not  crack,  although  the  lime  be 
ufed  in  excellive  quantity,  provided  it  be, 
made  differ  or  to  a thicker  confidence  than 
mortar  ufually  is. 

This  inference  was  afterwards  found  to  be 
true  : for  fpecimens  made  thus  with  one  part 
of  lime  and  only  lix  of  the  fand,  and  others 
made  with  greater  proportions  of  lime,  but 
as  ft  iff  as  they  could  be  ufed,  did  not  crack, 
in  any  expofure  : but  they  had  faults  which 
w ill  be  hereafter  noticed. 
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SECTION  IX. 

' * W 

'Theory  of  the  Induration  dependent  on  the  Pro- 
portions of  Lime  and  Sand  in  Mortar , and 
Obfervations  on  the  bad  Effects  of  the  vulgar 
Proportions  of  thefe . 

IT  is  fufficiently  known  that  the  aggre- 
gation of  calcareous  bodies,  which  burn 
to  lime,  or  are  chiefly  compofed  of  the  mat-; 
ter  of  lime,  is  much  weaker  than  that  of 
the  quartofe;  infomuch  that  the  fteel  which 
eafily  cuts  all  calcareous  ftones  or  fpars,  is 
as  eafily  cut  by  the  filiceous ; and  all  ftones, 
or  powders  which  are  chofen  for  cutting  or 
grinding  fteel,  are  found  to  have  this  elTtcl 
by  teafon  of  their  filiceous  or  quartofe  par- 
ticles. 

This  being  confidered  together  with  divera 
obfervations  heretofore  related,  I reafoned  in 
the  fubfequent  manner. 

As  ftones  are  cemented  together  in  walls, 
by  the  mediation  of  mortar,  fo  the  grains  of 

fanft 
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land  or  gravel  are  made  to  cohere  and  form 
a lolid  mats  of  mortar,  by  the  intervention 
of  lime. 

By  the  bare  infpedlion,  as  well  as  by  the  ex- 
perienced induration,  one  part  of  lime  pafte  ap- 
pears fufficient  to  intercede  the  grains  of  feven  of 
land  without  interruption  of  continuity,  and  in 
drying  to  fiil  the  fpaces  between  them,  or  to  at- 
tract matter  enough.  for  this  purpole  from  the  air. 

Im  this  cafe  the  grains  cohere  at  the  fmall- 
diflances  of  them,  and  by  means  of  the 
thinned  laminae  of  calcareous  matter;  and 
fuch  mortar  is  the  dronger  as  it  conbds  of  the 
greater  quantity  of  hard  quartofe  bodies  co- 
hering by  means  of  the  fm ailed  practicable 
quantity  of  iofter  and  brittle  calcareous  dvata  ; 
jud  in  the  fame  manner  as  a wall,  built  with 
porphyry  and  bad  mortar,  is,  ceeteris  paribus, 
the  dronger  as  the  joints  are  made  thinner: 
for  all  mades  of  fuch  dru&ure  as  mortar  or 
cementious  walls,  redd  fradture  and  ruin, 
with  powers  of  aggregation  which  are,  not 
merely  as  the  aggregation  of  the  denes  or 
bricks,  nor  barely  as  the  aggregation  of  the 
lofter  cement,  but  in  a ratio  compounded  of 
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thefe,  and  varying  with  circumdances  which 
we  need  not  attend  to  at  prefent ; and  thofe 
mades  therefore  will  refill  the  moft,  in  which 
the  dronger  aggregates  bear  the  greated  pro- 
portion to  the  weaker,  fo  far  as  it  is  confident 
with  the  continuity  of  them. 

Secondly,  The  fmall  {tones  which  com- 
pole  a heap  of  fand  do  not  imbibe  water  : 
their  volume  is  not  encrcaled  by  wetting 
them  nor  leflened  in  drying ; neither  does  a 
meafure  of  wet  land  contract  fenfiblv  in  drv- 
ing:  this  lad  I have  repeatedly  experienced. 
But  fmall  bits  of  lime  are  considerably  in- 
creafed  in  bulk  by  wetting  them  ; and  as  the 
loft  pade  of  lime  contracts  greatly  in  dry- 
ing, it  mud  crack  in  every  part  where  the 
drying  pade  is  prevented,  by  its  adhelion  to 
bodies  or  by  other  caufes,  from  contracting 
uniformly  and  concentrically.  As  the  con- 
traction of  mortar  in  drying,  and  its  confe- 
quent  cracking,  depend  on  the  lime  pade, 
and  not  on  the  fand,  they  mud  take  place 
in  the  greater  degree,  as  the  quantity  of  lime 
and  water  is  greater,  and  they  mud  be  lef- 
fened  or  prevented  by  a due  proportion  of 
fand;  which  proportion  experience  thews  to 

be 
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be  {even  parts  of  fluid  to  one  of  lime,  ft  1ms 
we  underftand  the  caufes  of  cracking,  and 
hovV  it  happens  that  this  defeat  is  prevented 
by  uling  lefs  than  the  cuftomary  quantity  of 
lime;  and,  although  the  lime  fhould  be  ufed 
in  excefs,  by  ufing  lefs  than  the  ufual  quan- 
tity of  water, 

Thirdly,  The  more  perfect  and  expedi- 
tious letting  and  induration  of  mortar  con- 
taining only  one  part  of  lime  in  {even  of 
land,  than  of  mortar  made  with  greater  pro- 
portions of  lime,  may  be  deduced  from  feve- 
ral  concurrent  caufes.  Having  lels  water 
in  its  compofition,  it  dries  iooner,  and  the 
calcarious  matter  cryftahzing  more  quickly 
in  it,  gives  it  {boner  that  folidity  which  we 
exprefs  by  the  word  fetting.  Having 
lefs  lime  in  its  compofition,  it  is  fooner 
l'atu rated  with  the  matter  which  the  air 
prefents,  and  which  feems  necedary  to 
the  induration  of  mortar;  and  m this  fatu- 
ration,  the  levelling  of  the  lime  is  not  fo 
great  as  to  pufh  forth  and  derange  the 
©rains  of  land  after  they  have  once  been 
ulaccd  and  in  fome  degree  cemented  together. 
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This  latter  inconvenience  arifmg  from  the 
excels  of  lime,  cannot  ealily  happen  in  mor- 
tar comp  relied  on  ail  tides  in  maffive  build- 
ings; but  it  manifeflly  occurs  in  the  exterior 
parts  ol  the  joints  in  walls,  where  the  mor- 
tar viiibly  lwells  and  after  fwelling  crumbles : 
it  is  likewife  vilible  in  the  upper  part  of  walls 
of  modern  conliruction,  where  the  fwelling 
is  not  prevented  by  a fuperincumbent  weight. 
In  thefe  cafes  the  joints  become  hollow  ; 
houles  lately  built  look  old  or  ruinous;  and 
the  bricks  themfelves?  being  bibulous,  in  fuch 
expofure  foften  and  moulder,  in  confequence 
of  the  alternate  wetting  drying  freezing  and 
thawing;  thefe  being  elTe&ual  agents  in  the 
dilTolution  of  all  bodies  which  freely  imbibe 
moihure. 

Without  awaiting  the  event  of  thofe  ex- 
periments which  1 have  lately  made  on  the 
great  fcale,  and  lhall  point  out  before  I con- 
clude this  eflav,  we  rray  on  thele  grounds 
alone  affure  ourfelves  that  the  ftrength 
and  duration  of  the  calcareous  incruflations 
compcfed  of  lime  and  land,  will  be  greater, 
as  we  depart  further  from  the  proportions  of 
Jjme  and  land  commonly  ufed.  approaching 

to 
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to  that  of  one  part  of  lime  to  feven  of  fandj 
becaufe  the  ftucco  which  hardens  the  fooneft 
muff  be  the  leaf!  injured,  w'hilft  it  is  new, 
by  the  beating  rains,  and  various  accidental 
impreifions  ; becaufe  that  which  adheres  moft 
firmly  to  the  other  materials  of  buildings, 
and  which  acquires  the  greateft  degree  of 
induration,  muft  contribute  moft  to  the 
firength  of  the  walls,  and  beft  withfland  the 
shocks,  attrition,  and  other  trials  to  which 
the  ftucco  is  expofed ; becaufe  that  which 
contains  the  greateft  proportion  of  find,  is 
lefs  liable  to  be  injured  by  any  laline  matter 
with  which  the  air  is  fometimes  impregnated, 
as  its  calcareous  matter  is  the  better  defended 
by  the  land  : but  aboee  all,  becaufe  the  ftucco 
made  with  one  part  of  lime  and  about  level} 
of  land,  is  not  difpofed  to  crack : for  incru- 
lhations  in  this  climate  perilh  fooner  by  rea- 
Ion  of  the  f fibres  than  of  any  other  defedt ; 
becaufe  the  water  imbibed  into  the  fiendereif 
of  them,  as  well  as  into  thofe  which  appear 
on  a curlory  view,  fwells  in  the  congelation, 
and  dilates  them  ; and  frequent  alternations  of 
wetting  and  freezing,  gradually  widen  them, 
until  the  ftucco  is  bulged  and  torn  from  the 
walls. 
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SECTION  X. 

Experiments  on  old  Cements , authorizing  the  Pro* 
portion  lately  recommended  of  Lime  and  Sand. 

r 'jf  difcover  the  quantity  of  lime  and 
1 land  origin  ally  uled  in  any  hard  and  old 
cement  which  I find  by  a previous  analyfis  to 
confift  of  lime  and  hand  or  clean  gravel,  I 
break  a pound  of  it  into  lmall  fragments,  but 
not  into  powder,  and  with  diluted  marine 
acid  I diflolve  and  wafh  away  the  calcareous 
part  from  the  gravel  or  fand.  I meafure  the 
acidulous  gas  obtainable  during  the  folution, 
and  knowing  the  weight  of  any  quantity  of 
it  in  any  temperature  or  weight  of  the  aerial 
atmofphere,  I fubtradt  this  weight  of  acidu- 
lous gas  and  that  of  the  fand  or  gravel,  from 
the  whole  weight  of  the  mortar,  and  hate  the 
refiduary  weight  as  that  of  the  lime  origi- 
nally employed  ; knowing  that  it  could  not 
have  made  fo  hard  a cement,  if  it  had  not 
been  fo  far  burned  as  to  retain  very  little  aci- 
dulous gas.  I did  not  adopt  this  method  of 
examination  before  I had  found  it  to  exhibit 

the 
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the  lime  and  fand  of  my  oldeft  and  hardeft 
cements  in  the  fame  proportions  in  which  I 
had  mixed  them. 

» , % 

By  this  kind  of  analyfis,  and  by  other 
trials,  I found  that  the  quantity  of  lime  in 
old  cements  made  with  clean  Iharp  fand,  and 
noted  for  their  hardnefs,  was  much  lefs  than 
is  now  commonly  ufed  in  mortar  ; and  that 
in  the  hardeft,  it  wras  very  near  to  that  which 
my  experiments  indicate  to  be  the  beft. 

i 

By  fharp  find  I mean  that  whofe  grains 
are  bounded  by  flat  furfaces. 

Thus  I found  the  inferences  made  from  my 
compoftions  to  be  authenticated  by  long  ex- 
perience, fo  far  as  they  relate  to  the  propor- 
tions of  lime  and  fuch  find. 


SECTION 


L 62 


1 

V* 


SECTION  XI. 


Experiments  and  Obfervations  Jhewing  the  Agency 
of  acidulous  Gas  in  the  Induration  of  Mortar  4 
and  Circumfances  which  impede  or  promote  it. 
Practical  Inferences . 


FIE  obfervations  made  on  divers  fpecL 


mens  of  mortar,  at  different  periods,  led 
me  early  into  the  opinion  that  the  fetting  of 
mortar  depends  chiefty  on  the  exficcation  of  it, 
but  that  the  induration  is  principally  owing  to 
the  acceflionof  acidulous  gas  in  certain  circum- 
ftances,  and  not  to  the  drying,  as  the  work- 
men generally  imagine.  In  order  to  place 
this  opinion  beyond  a doubt,  and  to  difeover 
the  eircumftances  which  favour  or  impede 
this  induration,  I made  the  fubfequent  in- 
quiries.' 


I made  mortar  with  feven  parts  of  the 
Thames  fand,  one  of  the  bed  flaked  chalk  ' 
lime  and  the  neceflary  quantity  of  lime  wa- 
ter, and  forming  a part  of  it  into  oval  pieces. 


Experiment  i. 
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1 put  thefe  into  a gallon  bottle,  which  I 
flopped  clofely  with  a ground  glafs  ftopple 
waxed  ; and  1 noted  the  grofs  weight  of  the 
bottle  and  mortar,  and  placed  it  expofed  to 
the  fun.  Having  examined  it  frequently 
during  the  firft  month,  I could  perceive  no 
alteration  in  the  weight,  nor  any  thing 
worth  notice,  except  that  fome  water  ex- 
haled out  of  the  mortar,  and  condenfed  in 
bright  drops  on  the  tides  and  upper  parts  of 
the  bottle.  At  divers  times  during  fix 
months  afterwards  I (hook  and  weighed  the 
bottle,  and  found  the  mortar  quite  foft  and 
the  weight  of  the  whole  unaltered. 

\ 

Experiment  2. 

Another  portion  of  the  fame  mortar  was 
fpread  brilkly,  as  foon  as  it  was  made,  on 
oblong  pieces  of  dry  and  warm  tile,  and 
thefe  were  immediately  placed  over  a find 
bath,  where  they  were  gradually  heated  to 
about  an  hundred  of  Farenheit  for  fix  hours, 
and  then  to  an  hundred  and  fifty  for  two 
hours  more,  when  the  mortar  was  dried  tho- 
roughly. I took  particular  notice  of  the  fo- 
lidity  which  it  acquired  in  this  haffy  drying, 
and  then  put  the  pieces  of  tile  with  the  ad- 
hering 
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he  ring  mortar  into  a bottle  clofclv  flopped  irt 
the  manner  already  defcribed,  marking  the 
grofs  weight. 

At  the  expiration  of  feven  months,  1 found 
the  whole  unaltered  in  weight,  and  the  mor- 
tar as  eafily  cut  or  broken  as  it  was  when  I 
put  it  into  the  bottle* 

Experiment  3. 

Another  part  of  the  fame  mortar  was 
fpread  whilft  frefh  on  a large  tile,  to  the 
thicknefs  of  half  an  inch,  and  the  tile  was 
immediately  placed  in  a tub,  in  which  I put 
waiter  to  the  depth  of  three  inches  over  the 
mortar,  and  which  I placed  in  the  open  air  to 
receive  the  rain.  At  different  times  I broke 
the  calcareous  pellicle  which  formed  on  the 
water  and  defended  it  from  the  air,  during 
the  firft  fortnight  : afterwards  the  wind  and 
rain  rendered  this  precaution  unneceffary* 
In  the  courfe  of  fix  months,  the  mortar,  in- 
Head  of  acquiring  any  lolidity,  was  deprived 
of  the  greater  part  of  its  lime  ; and  what  re- 
mained on  the  tile,  was  not  much  different 
from  a layer  of  wet  land. 

**■  f %s  * 
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Experiment  4. 

Another  portion  of  the  fame  frcfh  mor- 
tar was  fpread  on  a board  ft  re  wed  with  flaked 
lime  to  prevent  adhefion,  and  placed  in  the 
open  air,  but  fheltered  from  the  fun.  When 
this  mortar  became  fufficiently  folid,  which 
was  on  the  fecond  day,  I raifed  the  pieces, 
which  were  about  a quarter  of  an  inch  thick, 
from  the  board,  and  let  them  upright,  fully 
expofed  to  the  weather,  which  was  about 
this  time  dry  and  warm.  I11  feven  weeks' 
after  this  expofure  they  were  indurated  to  a 
conliderable  degree.  They  refifted  a cutting 
inftrument  nearly  as  much  as  Portland  ftone 
does,  but  not  fo  well  any  force  tending  to 
break  them  acrofs  at  once.  I then  placed 
them  under  water  as  I had  done  by  the  for- 
mer portion  of  this  mortar. 

After  they  had  lain  in  the  water  four 
months  I examined  them  attentively  and 
found  them*  if  at  all  altered,  to  be  rather' 
fattened  than  indurated  further.  I replaced 
them  in  the  water,  to  be  better  fatisfted  about 
them  ; but  by  miftake,  they  were  removed 
in  my  abfence,  and  loft. 
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Experiment  5. 

Soon  after  the  foregoing  parcel  of  mortar 
was  made,  I prepared  another  in  the  fame 
manner,  and  fpread  a part  of  it  on  a tile 
foaked  in  lime  water,  and  placed  the  tile  in 
the  open  air  fheltered  from  the  fun  and  rain. 
After  it  had  flood  a month  in  this  fituation, 
I placed  it  where  it  was  flickered  only  from 
the  rain. 


Experiment  6. 

Another  portion  of  the  fame  mortar  was 
fpread  frefli  on  a warm  dry  tile,  which  I 
placed  over  a fand  bath,  where  the  mortar 
was  heated  to  about  an  hundred  of  Farenheit 
for  fix  hours  and  then  to  an  hundred  and  fif- 
ty for  four  hours  more,  at  the  expiration  of 
which  it  was  lolid  and  perfectly  dry. 
The  next  day  I placed  it  in  the  open  air, 
expofed  to  the  fun,  and  the  weather,  which, 
was  dry  and  warm  for  a confiderable  time 
afterwards. 

On  comparing  thefe  two  laft  at  the  expi- 
ration of  feven  months,  and  again  after  fix 
months  more*  I could  eafily  perceive  that 

the 
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the  latter  was  inferior  to  the  former;  for  it 
was  much  more  eafily  cut  and  fcaled  from 
the  tile  and  broken.  * 

Experiment  7. 

With  mortar  made,  the  day  after  I had 
made  the  former,  of  the  fame  materials  and. 
in  the  fame  manner  ; and  with  new  bricks, 
which  I had  heated  almoft  to  rednefs  and 
buffered  to  cool  to  the  temperature  of  my 
hands ; I brifkly  erected  a little  wall  half  a 
brick  thick,  on  a {tone  bench  raifed  for  the 
purpofc  and  fully  expofed  to  the  weather. 

Experiment  3. 

On  the  fame  day  and  with  the  like  mortar, 
and  with  cold  new  bricks  previoufly  foaked 
in  lime  water,  I erected  another  wall,  equal 
to  the  former  in  dimenfions,  and  placed  in 
the  fame  manner  on  a ftone  bench  in  the 
open  air. 

After  nine  months,  in  pulling  thefe 
walls  to  pieces  and  in  divers  comparifons  of 
the  cement  of  them,  I found  that  the  latter 
cement  adhered  better  to  the  bricks  and  was 

F 2 harder 


harder  than  the  former,  infomuch,  that  I 
had  not  a doubt  about  it. 

Experiment  9. 

In  a few  days  after  I had  made  the  expe- 
riment with  the  warm  bricks,  I confdered 
the  walls  erefled  in  variable  weather,  and 
the  fence  walls  which  are  wetted  frequently 
and  deeply  whilfl  new,  by  rain,  or  by  moifhire 
from  the  ground,  and  as  often  dried  quickly ; 

' and  I was  defirous  to  learn  the  effect  of  fucli 
alterations  of  wetting  and  drying. 

\ 

I therefore  fpread  mortar,  made  like 
thofe  parcels  lately  mentioned,  on  a large 
tile  foaked  in  lime  water,  and  as  often  as  it 
had  dried,  in  fair  weather,  and  generally  at 
the  interval  of  three  days,  I wetted  it  with 
rain  water.  In  the  courfe  of  nine  months  I 
found  it  was  much  lefs  indurated  than  the 
fpecimen  made  in  the  fame  manner,  and  de- 
fended from  the  rain  : it  moreover  grew 

green  by  means  of  a vegetation  which  took 
place  on  the  furface  of  it,  and  which  thrived 
the  more  as  the  mortar  was  frequently 
wetted,  or  the  tile  longer  buffered  to  lie  flat 
on  the  ffone  bench  already  mentioned. 
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I had  often  obferved  fuch  a vegetation  on 
mortar  which  I had  made  a few  months  be- 
fore, efpecially  when,  in  the  fummer  feafon, 
I laid  the  tiles  flat  on  the  wooden  border  of  a 
duft-hole,  or  when,  for  want  of  room  to 
preferve  the  lpecimens  in,  I piled  many  of 
them  together  in  a damp  corner  on  the  pave- 
ment : I likewife  faw  that  where  the  vege- 

tation took  place,  the  induration  did  not  pro- 
ceed as  it  does  elfewhere:  on  the  contrary, 
femi-indurated  mortar  foftened  there, 

Ajll  ftliefe  being  confldered,  I was  finished 
that  frequent  wetting  or  conftant  moiffure, 
together  with  expofure  to  air,  injure  mortar 
in  a great  degree,  if  it  be  not  perfectly  indu- 
rated by  great  age  before  it  is  expofed  to  fuch 
■trials and  that  the  vegetation  depends  chiefly 
on  moillu  re. 

Experiment  to. 

By  the  kind  of  analyfis  mentioned  in  the 
tenth  fedlion,  I repeatedly  examined  the 
proportion  of  acidulous  gas  to  the  lime,  in 
the  hardefl  of  the  old  cements  which  I had 
coliedted  ; and  finding  it  in  the  heft  of  them 
to  be,  at  the  lowed:,  in  the  proportion  of  three 
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to  five,  I rate  the  quantity  of  acidulous  gas  ini*' 
bibed  by  good  mortar,  during  the  induration 
of  it,  at  fixty  pounds  at  leafl,  for  every  hun- 
dred pounds  of  lime. 

Experiment  ii. 

Such  mortar  as  that  of  the  firft  experiment 
of  this  fection  was  formed  into  {lender  pieces, 
each  an  inch  broad,  a quarter  of  an  inch 
thick,  and  three  inches  in  length,  Thefe 
were  placed  in  an  airy  paffage,  fheltered  from 
the  fun  and  rain,  and  were  turned  as  foon  as 
they  could  bear  it  without  danger  of  cracking  : 
they  were  then  fet  upright  and  fully  expoied 
on  all  fides  to  the  air. 

On  the  fourth  day  I did  four  of  the  pieces 
entire  into  a fmall  wide- necked  glals  retort, 
which  I fet  deep  in  a fand  bath,  with  its 
nozzle  immerfed  in  quickfilver,  which  flood 
cool  whilil  the  charge  was  gradually  heated, 
in  the  courfe  of  forty-eight  hours,  to  about 
feventy-five  of  Farenheit,  which  is  under  the 
temperature  of  incruflations  of  this  kind  ex- 
pofed  to  the  fun  in  fummer ; and  in  the 
courfe  of  forty  eight-hours  more  was  {lowly 
heated  to  about  an  hundred  of  Farenheit,  to 

which 
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which  degree  incruftations  are  frequently 
heated  by  the  fun  in  fummer.  As  the  retort 
cooled  I admitted  the  neceffary  quantity  of 
air,  and  then  left  it,  with  the  nozzle  im- 
merfed  deeply  in  the  mercury,  during  three 
months.  I then  Hid  the  pieces  gently  out  of 
the  retort,  after  having  wiped  away  a few 
•drops  of  water  which  adhered  to  the  veffel  in 
their  way  ; and  immediately  made  the  com- 
pardon  which  I (hall  prefently  mention. 

i 

Close  to  the  retort,  and  in  a fituation 
where  the  heat  was  equal  to  that  defcribed, 
or  nearly  fo,  I placed  four  other  of  the  pieces 
above  defcribed,  on  the  fourth  day  after  they 
were  made  : I encompafled  them  with  the 
land,  but  fecured  a free  accefs  and  even  a cir- 
culation of  air  to  them.  When  the  fand 
bath  was  cooled,  I put  thefe  pieces,  which 
were  thus  perfectly  dried,  into  a bottle  which 
I hopped  clol'ely  in  the  manner  heretofore 
delcribed. 

On  the  feventh  day  after  the  pieces  were 
made,  on  the  twenty-firft,  and  at  the  expi- 
ration* of  three  months,  I examined  four 
pieces  taken  from  different  quarters  of  the 
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remaining  parcel,  and  found  the  quantity  of 
acidulous  gas  which  they  yielded,  to  corre- 
fpond  with  the  degree  of  induration  and  the 
depth  to  which  it  had  advanced  in  them  re- 
fpedtively. 

On  comparing  and  examining  the  pieces 
dried  in  the  retort  and  kept  three  months 
in  it  ; the  pieces  dried  in  the  fame  heat  and 
freely  expofed  to  air  during  four  days,  buf 
afterwards  kept  in  a clofe  veiled;  and  the 
pieces  which  dried  and  hardened  in  the  free 
air,  without  being  heated  ; I found  that  the 
firft  were  friable  in  companion  with  the 
fecond,  and  the  laft  were  by  much  the 
hardelf  and  bell. 

As  the  fecond  tenth  and  eleventh  experi- 
ments,  together  with  oblervations  formerly 
made,  fhew  that  the  induration  peculiar  to 
mortar,  is  not  caufed  by  exliccation ; that  it 
is  greater,  as  the  calcareous  matter  of  cements 
approaches  nearer  to  be  fa tu rated  with  acidu- 
lous gas;  that  it  is  retarded  or  prevented,  as 
the  accellion  of  acidulous  gas  is  interrupted 
or  obviated ; we  may  conclude  that  this  mat- 
ter is  a principal  agent  in  the  induration  of 

calca- 
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Calcareous  cements  and  indifpenfibly  necef- 
iary  to  it. 

By  obfervations  formerly  made,  but*  efpe- 
daily  by  the  companion  of  the  fifth  and 
eight  experiments  of  tills  feclion  with  the 
fixth  and  feveiith,  I learned  that  hafty  dry- 
ing prevents  good  mortar  from  ever  ac- 
quiring the  hardnefs  which  it  other  wife 
would  have ; and  that  the  more  (lowly  the 
proper  water  of  the  mortar  is  exhaled  or 
abforbed  from  it,  in  incrustations  or  brick- 
work, the  more  perfect  will  he  the  indura- 
tion of  it. 

By  the  firft  third  and  ninth  experiments  of 
this  fed  ion  compared  with  the  fourth,  fifth 
and  others,  and  by  obfervations  which  led 
me  to  make  thefe  experiments;  I difcovered 
that  mortar  which  is  not  buffered  to  dry, 
or  which  is  (upplied  with  moiftnre  as  fait; 
as  its  proper  water  exhales,  does  not  harden, 
or  hardens  only  to  a fin  all  degree  by  any 
gccefiion  of  acidulous  gas. 

The  fourth  experiment  indicates  that  mor- 
tar, whofe  lime  has  not  yet  imbibed  its  com- 
plement 
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plement  of  acidulous  gas,  although  the  mafs 
be  conliderably  hardened,  is  liable  to  be  in- 
jured by  foaking  in  water,  if  it  be  pervious 
to  water  fo  freely  as  thefe  thin  pieces  were. 

All  thefe  experiments  and  obfervations 
confpire  to  point  out  the  circumflances  in 
which  mortar  becomes  indurated  the  foonefl 
and  in  the  highefl  degree,  and  operates  moll 
effeflually  as  a cement.  To  this  end  it  muft 
be  buffered  to  dry  gently  and  fet ; the  ex- 
ficcation  mufi  be  effedled  by  temperate  air 
and  not  accelerated  by  the  heat  of  the  fun 
or  fire : It  mufi  not  be  wetted  loon  after  it 
fets  ; and  afterwards  it  ought  to  be  protected 
from  wet  as  much  as  poflible,  until  it  is 
compleatly  indurated:  the  entry  of  acidulous 
gas  mufi  be  prevented  as  much  as  poflible,  un- 
til the  mortar  is  finally  placed  and  quiefcent  ; 
and  then  it  mufi  be  as  freely  expoled  to  the 
open  air  as  the  work  will  admit,  in  order  to 
fupply  acidulous  gas,  and  enable  it  fooner  to 
fuftain  the  trials  to  which  mortar  is  expofed 
in  cementious  buildings  and  incruflations. 

From  thefe  confiderations  we  learn  other 
caufes,  befides  thofe  already  mentioned,  of 
the  fpeedv  ruin  of  our  modern  buildings. 

The 
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The  mortar  made  with  bad  lime  and  a 
great  excels  of  it,  and  debafed  in  watering 
■and  long  expofure,  is  nfed  with  dry  bricks 
and  not  un frequently  with  warm  ones.  Thefes 
immediately  imbibe  or  diffipate  the  water 
and  not  only  induce  the  defedt  above  no- 

J 

ticed,  but,  as  the  cement  approaches  nearer 
to  be  dry,  whilft  it  is  (till  liable  to  be  dil- 
turbed  by  the  percuflions  of  the  workmen, 
render  it  more  nearly  equivalent  to  a mix- 
ture of  land  and  powdered  chalk. 

But  to  make  ftrong  work,  the  bricks 
ought  to  be  foaked  in  lime  water,  and  freed 
from  the  dull,  which  in  common  bricklay- 
ing, intercedes  the  brick  and  mortar  in 
many  parts.  By  this  method  the  bricks 
would  be  rendered  clofer  and  harder  ; the  ce- 
ment, by  fetting  (lowly,  would  admit  the 
motion  which  the  bricks  receive  when  the 
workman  drefles  them,  without  being  im- 
paired ; and  it  would  adhere  and  indurate 
more  perfectly  : the  fame  advantages  would 
attend  the  foaking  of  bibulous  (tones  in  lime 
water,  and  the  ufe  of  grout;  provided  this 
were  made  with  good  lime  (and  and  lime 
water. 
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In  plaiftering,  the  workmen  always  brufh 
away  the  dull  and  wet  the  wall  on  which 

they  are  to  lay  the  cement,  becaufe  it 

«* 

will  not  otherwife  adhere.  From  what  has 
been  already  faid  it  is  manifeft  that  this 
ought  to  be  done  with  lime  water,  and  re- 
peated as  long  as  the  wail  is  thirlty. 

To  perceive  more  clearly  how  much  our 
flight  buildings  are  weakened  by  the  agita- 
tions and  percuffions  to  which  they  are  ex- 
pofed,  firft  in  erecting  the  walls  and 
fettling  the  timbers,  and  then  in  driv- 
ing thofe  wedges  to  which  they  faflen 
the  wainlcots  cornifhes  and  other  ornaments, 
we  muft  obferve  that  the  acceflion  of  acidu- 
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lous  gas  to  mortar,  was  found  to  contribute 
nothing  to  the  flrength  of  it,  when  it  entered 
the  compolition  before  it  was  finally  fixed 
in  a quiefcent  hate  : and  a little  experience 
is  fufficient  to  teach  us,  that  the  lame  mat- 
ter which  affifls  in  the  induration  of  mortar, 
never  ferves  to  repair  the  fiflures,  or  fo- 
lution  of  continuity  between  the  bricks 
and  cement,  which  happen  after  it  is  fet. 
When  mortar  is  fet,  and  before  it  is  in- 
durated, it  may  eafily  be  ferved  from  the 

bricks 
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bricks  and  crumbled;  and  for  want  of  foft- 
nefs  it  cannot  bend  into  the  fiflures,  or  re- 
fume its  former  condition  in  any  time. 
Therefore  by  heavy  blows,  and  in  wedging, 
our  walls  muft  be  greatly  weakened ; and  the 
more,  as  the  houfes  are  flight,  quickly  built, 
and  haflily  finiflied. 
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SECTION  XU. 

. Experiments  Jhewing  the  hejl  Kinds  and  Mixtures 
of  Sand \ and  the  bejl  Method  of  ufng  the  Limd 
Water , in  making  Mortar. 

PURSUING  the  analogy  intimated  in  the 
ninth  fe<ftion,  I thought  that  as  large 
Rones  with  carvilinear  faces,  bedded  in  com- 
mon  mortar,  do  not  form  fo  Rrong  a wall 
as  they  may  when  their  interfaces  are  filled 
with  fitting  Rones  together  with  the  due 
quantity  of  mortar;  fo  mortar  made  with 
fand,  whofe  grains  come  near  to  be  equal 
in  fize  and  globular,  cannot  be  fo  Rrong  at 
any  period  of  induration,  as  that  which  is 
made  with  the  fame  mixed  with  as  much 
fine  fand  as  can  eafily  be  received  in  its  in- 
terRices,  in  order  that  the  lime  may  ce- 
ment the  grains  by  the  greater  number  and 
extent  of  contiguous  furfaces.  By  this  no- 
tion I was  excited  to  make  provifion  for  a 
new  feries  of  experiments. 

I cleansed  a large  quantity  of  the  Thames 
fand,  by  walking  it  in  Rreaming  water,  and 

forted 


I 


[ 79  1 

forted  it  into  three  parcels : the  coarfeft, 
which  I call  the  rubble,  confided  of  fmall 
pebbles,  fragments  of  weathered  fhells,  and 
grains  of  fand  of  divers  fizes,  which  in 
wafhing  had  palled  through  a lieve  whofe 
apertures  were  one  eighth  of  an  inch  lquare, 
but  could  not  pafs  through  a brafs  wired 
fieve,  whofe  melhes  were  one  lixteenth  of 
an  inch  fquare,  or  rather  larger:  the  next 
parcel,  which  I called  fine  fand,  confided  of 
grains  of  divers  fizes,  which  in  wafhing  paf- 
fed  through  a finer  lieve  whofe  melhes  were 
one  thirty-fecond  of  an  inch  fquare : the 
third  parcel  confided  of  grains  the  larged;  of 
which  were  walhed  through  the  coarfed  lieve, 
and  the  fmalled  were  retained,  in  wafhing, 
on  the  fine  fieve : this  I call  coarfe  find. 

It  is  to  be  obferved  that  the  land  which 
can  pafs  through  a fieve,  in  wafhing,  is  con- 
fiderably  finer  than  that  which  may  be  lifted 
through  the  fame  fieve,  when  it  is  dry. 

Having  dried  thefe  parcels  on  a fand  plate, 
and  provided  a narrow  mouthed  glafs  bottle 
capable  of  holding  about  two  ounces  troy  of 
water,  and  a cylindrical  glafs  veflel  which  con- 
tained 
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tained  twelve  of  thefe  meafures,  I found  by 
repeated  trials,  that  the  large  vellel,  charged 
to  the  brim  with  my  rubble,  might  be  made 
to  hold  fomewhat  more  than  one  additional 
meafure  of  it,  when  the  rubble  was  well 
packed,  by  ftriking  the  bottom  of  the  vellel 
frequently  againfl  the  table  perpendicularly. 
Changing  the  fame  vellel  with  coarl'e  fand,  I 
could  by  the  fame  treatment  make  it  hold 
two  thirds  of  the  thirteenth  meafure:  and 
twelve  meafures  of  fine  fand  were  fo  far 
contracted  in  this  motion  of  the  veflel,  that 
it  could  hold  one  meafure  and  one  fourth 
more,  or  thirteen  and  one  fourth  in  all. 

After  noting  how  far  the  ifiterflicial 
fpaces  in  each  fized  land  can  be  leliened  by 
packing,  I ufed  water  to  fhevv  what  propor- 
tion thefe  bear  to  the  folids,  in  thefe  diffe- 
rent lands.  I found  that  the  thirteen  mea- 
fures of  rubble  which  I flowed  into  the 
glafs  cylinder,  could  take  in  five  meafures 
of  water,  without  any  increafe  of  bulk  ; or 
rather  with  a ftriking  decreafe  of  bulk:  the 
twelve  meafures  and  two  thirds  of  flowed 
coarle  land,  imbibed  four  and  one  half  of  Water, 
and  yet  decreafed  fenfibly  in  bulk : the  thirteen 

meafures 
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meafures  and  one  fourth  of  fine  fand  packed* 
could  drink  in  only  four  meafures  of  water  ; 
but  the  diminution  of  bulk  was  more  confider- 
able  than  in  either  of  the  former  ; for  the  fand 
and  water  together  meafured  lefs  by  one  fe- 
veritieth  than  the  packed  fand  alone. 

When  fand  was  poured  into  the  glafs 
cylinder  until  it  was  filled,  and  water  was 
added  before  the  fand  was  packed,  by  a flight 
agitation  of  the  veffel  the  fand  contracted  in 
a much  greater  degree  than  is  above  expreffed. 
Upon  the  whole  it  feemed  that  water,  by 
poifing  the  grains,  facilitates  their  Hiding  on 
each  other  to  fit  well  and  fill  the  fpacesi 

Until  I had  made  thefe  experiments  I 
did  not  well  underhand,  how  the  beating  of 
new  mortar  makes  it  much  wetter,  and  more 
plahic  withal,  than  it  can  be  made  with  the 
fame  proportions  of  water  and  folids,  by 
mere  mixture.  I now  perceive  that  beating 
produces  this  effeCt  by  clofing  the  interfaces 
of  the  find,  and  rendering  a fmall  quantity  of 
lime  pafte  as  effectual  towards  filling  them 
and  holding  the  grains  together  to  form  a 
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plaftic  mafs,  as  a greater  quantity  is,  in  land 
whofe  grains  cannot  fit  each  other  fo  well. 


Seeing  that  the  interfticial  fpaces  In  fand 
are  fo  greatly  lcflened  by  wetting  it,  I judged 
it  expedient,  for  this  reafon  alone,  to  expend 
all  the  water  I fhould  henceforward  ufe  in 
making  mortar,  in  wetting  the  fand  com- 
pleatly.  I afterwards  obferved  other  advan- 
tages arifing  from  this  pradtice : for  in  filling 
the  fpaces  with  the  fluid,  the  air  is  eafily  ex- 
pelled, and  the  lime  equably  diffufed  in  them 
by  a little  beating : but  when  the  water  is 
added  to  a mixture  of  lime  powder  and  fand, 
the  air  is  entangled  in  the  lime  pafte,  and 
cannot,  without  a great  deal  of  beating,  be 
totally  prefled  out  of  the  plaftic  mafs : I 
likewife  found,  that  as  an  excefs  of  water  is 
injurious  in  mortar,  this  is  an  excellent  me- 
thod of  regulating  the  quantity  of  water;  for 
the  portion  of  lime  water  which  fills  the 
fpaces  in  fand,  and  can  be  held  by  capillary 
attraction  in  a flat  heap  of  it,  is  precifely  the 
quantity  which  makes  well  tempered  mortar 
with  one  part  of  the  beft  flaked  lime  and 
fleven  of  the  heft  fand. 


As 
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As  I found  fome  difficulty  in  expelling  the 
air  bubbles  out  of  the  fand  wetted  in  my  deep 
cylindrical  meafure,  even  when  I flirred  up 
the  mafs  with  a {lender  inftrument,  I con- 
cluded that  the  fpaces  in  fand  are  rather  in  a 
higher  proportion  to  the  folid  fubflance  of 
it,  than  they  appeared  in  thefe  trials : fo  that 
we  may  fay  they  are  at  leafl:  one  third  and 
more  of  any  meafure  of  the  line  fand,  greater 
in  coarfe  fand,  and  greateh  in  the  rubble.  Suf- 
pelting  on  another  ground  that  thefe  experi- 
ments did  not  fhew  the  whole  of  the  fpaces 
in  fand,  becaufe  water  tends  to  inffnuate  itfelf 
between  the  contiguous  faces  of  the  grains, 
and  confequently  to  remove  them  afunder, 
even  whilft  it  arranges  them  ; I attempted  to 
afcertain  the  proportion  of  thefe  fpaces  to 
the  folids,  by  another  method  founded 
on  this  fuppofition,  that  the  meafured 
portion  of  fand  which  weighs  the  moft,  has 

the  fmalleft  quantity  of  interflicial  fpace. 

« 

By  the  experiment,  I found  that  a well 
packed  meafure  of  the  rubble  weighed  twen- 
ty ounces  three  pennyweights  : the  like 

meafure  of  the  coarfe  fand  packed,  weighed 
twenty  one  ounces  eighteen  pennyweights: 
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and  the  fame  quantity,  by  meafure,  of  the 
fine  fand,  weighed  twenty  three  ounces  two 
pennyweights  and  twelve  grains. 

This  trial  correfponds  fufficientlv  with  the 
former  in  fhewing,  that  the  fum  of  the 
fpaces  in  the  rubble, is  much  greater  than  that 
of  the  coarfe  fand,  and  that  the  {paces  in  this 
are  larger  in  the  fum,  than  thofe  of  fine 
fand. 

* . Vi-.  ■ » * *■ 

In  order  to  learn  whether  this  proportion 
is  maintained  in  all  kinds  of  fand,  I tried  by 
water  and  by  weight  in  the  foregoing  man- 
ner, a great  number  of  fands  ufed  in  London  ; 
fuch  as  the  coarfelf  glafs- grinder’s  fand, 
Hampftead-fand,  Lynn- fand,  fine  houfe-fand 

* ii  :j*.  « k <.  * * • 4** 

The  refult  of  thefe  experiments  taught 
me  that  the  {paces  are  always  fmaller  as  the 
land  is  finer,  provided  the  companion  be 
made  between  the  lorted  fine  part  and  the 
coarfeft  part  of  any  kind  of  fand:  but  this 
does  not  hold  true  in  the  comparifon  of  fine 
fand  and  coarfe  land  of  different  diftri&s. 


On 
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On  examining  the  feveral  fpecimens  of 
fand  with  a lens,  I perceived  that,  in  fbme, 
the  grains,  however  different  in  figure,  were 
bounded  by  flat  faces  meeting  each  other  in 
angles ; whilft  in  others,  the  faces  were  ge- 
nerally rounded,  and  the  figure  fuch  as  the 
foregoing  grains  would  be  reduced  to  by 
grinding  off  their  angles.  The  firft  kind  I 
call  (harp  fand,  the  other  round  fand.  Then 
taking  into  confideration  the  meafurement 
already  defcribed,  together  with  the  (harpnefs 
or  roundnefs  of  the  fand,  I found  that  the 
fpaces  are,  in  different  kinds  of  fand,  as  the 
flze  and  roundnefs  of  them  compounded  ; but 
they  do  not  appear  to  be  fmaller  in  any  kind  of 
fand  that  I have  feen,  than  in  our  fine  parcel  of 
Thames  fand  ; which  I think  is  owing  to  its 
being  (harper  than  any  of  the  finer  fands  which 
I had  compared  k with.  The  mea(ure  which 
contained  twenty-three  ounces  two  penny- 
weights twelve  grains  of  the  fine  Thames 
fand,  contained  only  twenty-two  ounces  ten 
pennyweights  of  the  Lynn  fand,  which  is  a 
great  deal  finer,  but  rounder. 

• • ■ i 

Having  thus  found  the  kind  of  fand 
which,  by  reafon  of  the  fiae  and  figure  of  the 
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grains,  has  the  fmallefl  interflicial  fpace  ; I 
next  endeavoured  to  afcertain  the  mixture  of 
coarfe  and  fine  fand,  which  lefTens  this  fpace 
in  the  greatefl  degree,  which  therefore  re- 
quires the  lefs  lime  to  cement  the  grains  to- 
gether, and  for  the  reafons  already  mentioned, 
promifes  to  make  the  hardefl  and  moil  dur- 
able cement. 

I found  that  nine  meafures  of  the  fhingle, 
and  nine  meafures  of  the  fine  land,  both  well 
packed,  meafured  when  mixed  and  flowed 
clofely  fixteen  meafures  and  one-eighth  : that 
eighteen  meafures  of  the  fhingle  and  nine 
of  the  fine  fand  tried  in  the  fame  way,  mea- 
fured twenty- four : and  that  on  mixing 

the  fhingle  and  fine  fand  in  various  propor- 
tions, nine  meafures  of  fhingle  took,  into  its 
interflices,  one  meafure  and  one  half  of  the 
fine  fand,  without  any  increafe  of  bulk. 

I next  learned  that  nine  meafures  of  the 
coarfe  fand  and  nine  of  the  fine,  meafured  in 
the  like  manner  feventeen  and  a half : that 

eighteen  fuch  meafures  of  coarfe  fand  well 
mixed  with  nine  of  the  fine  fand,  meafured 
twenty-fix : and  that  on  mixing  thefe  fands 

in 
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111  various  proportions,  eighteen  meafures 
of  the  coarfe  fand  took  into  its  interfaces 
one  meafure  of  the  fine  fand,  without  any 
increafe  of  bulk. 

Lastly  I found  that  eighteen  fuch  mea- 
fures of  the  coarfe  fand  and  nine  of  Lynn 
fand,  which  is  much  finer  grained  than  the 
foregoing,  meafured  twenty- four  when  well 
mixed  and  flowed  : and  that  on  mixing  them 
in  various  other  proportions,  nine  meafures 
of  the  coarfe  fand  took  into  its  interflices  one 
and  a half  of  the  Lynn  fand. 

x 

By  thefe  and  a variety  of  fimilar  experi- 
ments made  on  different  fands,  I found  that 
the  quantity  of  fine  fand  taken  into  the  inter- 
flices of  a coarfe  fand,  was  the  greater  with- 
out increafe  of  bulk,  as  the  grains  of  the 
coarfe  differed  more  from  thofe  of  the  fine  in 
bulk,  provided  the  diameters  of  the  grains 
of  coarfe  fand  did  not  in  general  exceed  thofe 
of  the  fine,  in  a proportion  greater  than  five 
to  one ; that  the  greatefl  quantity  of  fine 
fand,  which  could  be  taken  into  the  inter- 
flices of  coarfe  fand,  was  one-fixth  of  the 
bulk  of  the  coarfe  fand  ; and  that  in  general  the 
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mixture  of  fix  meafures  of  coarfe  fand  with 
one  of  the  fine#  fand,  reduced  the  fum  of 
the  interflicial  fpaces  to  nearly  on^f  half  of 
the  quantity  of  them  in  coarfe  only,  or  in 
fine  Thames  fand  or  rubble  only. 

Instructed  by  thefe  obfervations  I pro- 
ceeded to  the  following  experiments,  in  order 
to  learn  the  advantages  or  defects  attending 
each  kind  of  fand,  and  how  far  my  expecta-> 
tions  from  the  art  of  leflening  the  lpaces, 
were  well  founded. 

I made  feveral  parcels  of  mortar  with  my 
chalk  lime  lime  water  and  rubble  in  different 
proportions  ; the  quantity  of  lime  being  in 
one  a fourth  of  that  of  the  rubble,  in  another 
only  one-feventh,  and  in  the  others  interme- 
diate : I made  other  parcels  of  mortar  with 
my  chalk  lime,  lime  wTater,  and  the  coarfe 
fand  ; and  others  with  this  lime,  lime-water 
and  the  fine  Thames  fand,  in  the  lad  men- 
tioned proportions. 

I next  made  a great  variety  of  fpecimens 
of  mortar  ; fome  of  which  confided  of  rub- 
ble and  coarfe  fand  mixed  in  different  pro- 
portions, 
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portions,  wetted  with  lime-water,  and 
blended  with  one-fourth  or  one-feventh  of 
intermediate  quantities  of  lime : others  were 
compofed  of  limilar  mixtures  of  rubble  and 
line  land  with  lime  and  lime  water  : and 
others  confifted  of  rubble  coarfe  fand  and 
fine  fand  mixed  in  different  proportions, 
wetted  with  lime  water,  and  beat  up  with  the 
different  quantities  of  lime  lately  mentioned. 

I spread  a part  of  each  of  thefe  Ipecimens 
of  mortar,  as  foon  as  it  was  made,  on  a tile 
foaked  in  lime  water,  half  an  inch  thick  in 
fome  places,  and  much  thinner  in  others  : I 
placed  the  remainder  of  it,  formed  into  oblong 
pieces  of  about  an  inch  diameter,  on  the  part 
pf  the  tile  which  was  not  covered  with  mor- 
far;  and  I fet  all  the  tiles  numerically 
marked,  in  the  fituation  formerly  dele  ibed, 
where  they  were  equally  expofed  to  the  wea- 
ther : this  was  done  in  May,  1777:  dur- 

ing the  fucceeding  twelve  months  I examined 
each  Ipecimen,  and  noted  my  obfervations, 
the  moll  ufeful  of  which  I fhall  endeavour 
to  relate  in  a few  words. 


The 
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The  fpecimens  containing  rubble  and  lime 
mixed  in  any  proportion  greater  than  five  to  one, 
were  not  fat  enough,  when  frefii,  to  be  con- 
veniently ufed  in  building  or  duccoing  : but 
none  of  them,  not  excepting  thofe  which 
contained  the  greater  quantities  of  lime, 
cracked  in  drying.  Thofe  which  had  the 
fmaller  quantities  of  lime  in  them,  were  very 
rough  on  the  furface,  coarfe  in  the  grain, 
fpongy,  and  eafiiy  broken  : they  fhewed  a 
defect  of  lime,  becaufe  thofe  which  con- 
tained more  lime  were  not  fo  bad  in  thefe  re- 
fpe&s.  By  all  of  them  it  appeared  that 
whenever  fuch  rubble  mufl  be  ufed,  for  want 
of  fand  or  finer  gravel,  the  lime  mixed  with 
it  mufl  not  be  lefs  than  one-fifth  of  the  quan- 
tity of  rubble. 

Of  the  fpecimens  confiding  of  coarfe  fand 
and  lime,  thofe  which  had  the  fmaller  quan- 
tities of  lime  were  too  fhort  for  common  ufe, 
and  could  not  be  made  to  afiume  a clofe  and 
fimooth  furface,  whild  frefh ; but  in  drying 
and  hardening,  they  were  in  every  refpedt 
preferable  to  the  cements  made  with  rubble 
and  lime,  in  the  fame  proportions  : and  of  the 
fame  fpecimens,  thofe  were  the  bed  which 

contained 
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contained  one  part  of  lime  in  five  of  land ; 
the  others  containing  lefs  lime  being  faulty 
like  thofe  made  with  rubble,  and  thole  in 
which  the  lime  was  mixed  in  much  greater 
quantity,  having  the  faults  often  obl'erved 
to  attend  the  excefs  of  lime. 

The  fpecimens  which  confifled  of  fine 
fand  and  lime,  were  in  general  better  than 
the  foregoing : and  that  particularly  which 
contained  one  of  lime  in  lix  and  an  half  of 
fand,  was  in  all  relpe&s  much  better  than 
thofe  made  with  the  fame  or  any  other  quan- 
tities of  rubble  and  lime,  or  coarfe  fand  and 
lime.  The  fpecimen  which  was  formed 
with  feven  parts  of  fine  fand,  and  one  of 
lime  was  not  fo  compact  and  hard  as  that  lafl 
mentioned.  The  companion  of  thefe  two 
{hewed  that  feven  of  fand  are  too  much  for 
one  part  of  lime,  when  the  fand  is  fine  and 
unmixed  with  coarfe  grains.  The  fpecimen 
made  with  four  parts  of  line  fand,  and  one 
of  lime  had  the  noted  faults  attending  the 
excefs  of  lime  ; for  it  cracked  in  drying,  and 
was  fenfibly  injured  in  the*  winter,  by  thofe 
alternations  of  drying,  wetting,  freezing, 
and  thawing,  formerly  noticed. 


On 
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On  divers  companions  of  thofe  portion 
of  mortar  made  of  fine  land  and  lime,  with 
the  former,  I was  perfuaded  that  a better  ce- 
ment can  be  compofed  with  fuch  fand  as  I 
call  fine,  than  with  a coarfer  fand,  whofc 
grains  are  all  larger  than  any  of  thofe  in  my 
fne  fand  ; provided  the  coarfer  fand  be  not 
much  fharper  than  all  that  I have  yet  feen. 
If  my  experiments  had  been  made  in  flow 
fucceffon,  this  lafh  obfervation  would  have 
led  me  to  imagine  that  mortar  will  be  found 
the  better  as  the  fand  is  finer. 

Of  the  oblervations  made  on  the  parcels 
of  mortar  confiding  of  mixed  fands  and 
lime,  thofe  which  follow  are  the  mod  per^ 
tinent  to  our  prefent  enquiry. 

The  fpecimens  made  with  mixtures  of 
rubble,  coarfe  fand  and  different  quanti- 
ties of  lime,  refembled  thofe  made  with 
rubble  and  lime  in  fimilar  proportions, 
when  the  rubble  was  predominant;  and 
refembled  thofe  made  with  coarfe  fand  and 
lime,  in  fimilar  {Proportions,  when  the  coarfe 
fand  was  predominant ; and  I could  perceive 


no 
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no  advantage  derived  from  the  mixture  of 
rubble  and  coarfe  fand,  except  that  the  ce- 
ment was  fomewhat  better  as  the  quantity  of 
rubble  was  lefs,  relatively  to  the  quantity  of 
fand  and  lime : but  none  of  thefe  fpecimens 
were  in  any  refpedl  fo  good  as  thofe  made 
with  fine  land  only. 

Of  the  fpecimens  made  with  rubble  and  fine 
(and,  that  was  the  befi:  in  which  the  fine  fand 
was  twice  .the  quantity  of  the  rubble.  But  I 
could  not  perceive  that  any  of  thefe  fpeci- 
mens w^ere  preferable  to  thofe  made  with  the 
like  quantities  of  fine  fand  and  lime  ; or  that 
any  confiderable  advantage  is  gained  by  the 
mixture  of  rubble  and  fine  fand. 

» • f t • i • 
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Of  the  fpecimens  made  of  coarfe  fand  fine 
fand  and  lime,  thofe  were  manifeftly  the  beft, 
which  confilfed  of  four  parts  of  coarfe  fand, 
three  of  fine,  and  one  part  or  a little  more 
of  lime  : for,  whilfl  frefh,  they  were  more 

plaftic  than  the  others,  and  were  eafily  made  to 
a {fume  a fmooth  furface;  they  were  not  difpofed 
to  crack  in  this  method  of  drying  ; they  were 
not  at  ail  injured  by  wet  or  freezing  or  thaw- 
ing ; they  were  pretty  clofe  in  the  grain  ; and 

they 
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they  grew  fo  hard,  in  the  courfe  of  nine  or  ten 
months,  as  to  refift  the  chizel,  or  any  force 
tending  to  break  the  oblong  pieces,  much 
more  powerfully  than  any  of  the  fpecimens 
lately  mentioned.  1 noted  them  as  the  beffc 
fpecimens  of  mortar  that  I had  ever  made;  and 
one  part  of  lime,  in  four  of  coarfe,  and  three 
of  fine  fand,  to  be  a better  proportion  than  any 
other  of  the  fands  and  lime,  for  incrustations. 

Of  the  various  fpecimens  of  mortar  made 
with  mixtures  of  the  rubble,  coarfe  fand  and 
fine  fand,  thofe  were  the  bed:,  in  which  the  fine 
fand  was  equal  or  nearly  equal  in  quantity  to  the 
rubble  and  coarfe  fand  ; in  which  the  rubble 
was  not  much  more  than  one  feventh  part  of 
the  quantity  of  both  fands  ; and  in  which 
the  weight  of  the  lime  was  one  feventh  of  the 
weight  of  the  fand  and  rubble,  or  a little 
more  : But  thefe  fpecimens,  when  frefh,  were 
lefs  plaSlic,  and  lefs  capable  of  affuming  a 
fmooth  Surface  under  the  trowel,  as  the  quan- 
tity of  rubble  was  greater ; and  I could  not 
find  they  were  preferable  in  any  particular  to 
thofe  refpeftively  which  were  made  with 
Similar  quantities  of  lime  and  the  mixtures  of 
coarfe  and  fine  fand  lately  commended. 


Upon 
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Upon  the  ftri&eft  companion,  I concluded, 
that  one  part  of  rubble  in  three  of  coarfe  and 
three  of  fine  fand,  makes  as  good  mortar  with 
lime,  as  can  be  made  with  the  fand  and  lime 
without  rubb’e,  for  any  purpofe  which  does 
not  require  a finer  cement ; but  there  is  no 
advantage  gained  by  the  ufe  of  rubble  where  the 
coarfe  and  fine  fand  can  be  had  equally  cheap, 
unlefs  a rough  furface  be  required. 

In  ftuccoing  walls  the  rubble  promifed  to 
be  ufeful  in  pointing  and  in  the  fir  ft  coat ; 
becaufe  a roughnefs  of  this  coat  makes  the 
finer  exterior  coat  adhere  more  firmly. 

In  the  review  of  all  thefe  Ipecimens  it  ap- 
peared, that  the  quantity  of  lime,  which  forms 
a mafs  fomewhat  plaftic  with  fand  and  water, 
is  the  fmalleft  quantity  neceflary  for  making 
the  beft  mortar  which  fuch  fand  can  afford  ; 
and  that  any  further  quantity  of  lime  is  ufe- 
lefs  in  the  coarfer  fands,  and  injurious  in  the 
finer  : that  the  neceftary  plafticity  is  induced 
by  the  fmaller  quantities  of  lime,  as  the  in- 
terftices  of  the  fand  are  fmaller  in  the  fum, 
and  as  the  grains  fit  each  other  the  better  in 
confequence  of  the  due  mixture  of  coarfe  and 

fine 
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fine  fands  : but  that  the  leffeningof  the  inter4 
/fticial  fpaces,  by  the  mixture  of  fine  fand 
with  the  coarfe,  does  not  enable  us  to  leffen 
the  quantity  of  lime  fo  far  as  might  be  ex- 
pected in  confequence  of  our  notions  of  the 
fpaces  meafured  by  water.  It  feems  that  the 
grains  of  fine  fand  are  held  afunder  by  the 
lime  pafte,  to  a greater  diftance  than  they 
are  by  water  ; and  that  the  reafon,  why  the 
finer  fand  requires  more  lime  than  the 
coarfer  and  mixed  fand,  is,  that  the  fpacesy 
which  are  more  numerous  in  fine  fand  than 
in  the  coarfe,  are  more  augmented  in  the 
whole  quantity  of  them,  by  the  particles  of 
lime,  which  intercede  alike  the  coarfe  and 
the  fine  grains. 

' ^ ^ Ufc  * A * * * * L '•'«•»*  * 0 % A ( . 

jL  a. 

r * 'Vi  •-  * ' < ' » i li.i  U • • J cPll  J « ; -fl 


j i.%-  lao 


• t t g ; > 

« IU  L 


f • 


o • ■.  J 


i;i  J - 


C7XI1;  i 


« 


I h* 


t 


S E C T I 0 N 


E 97  } 


SECTION  XIII. 

Experiments  Jkewing  the  Effects  of  finejl  Sand 
and  quart ofe  Powder , in  Mortar  : Obfier  va- 
rious on  the  finejl  calcareous  cements  : Pradhcal 
Precepts . 

t s MIE  laft  mentioned  notion  led  me  to 
JL  fufpect,  foon  after  the  foregoing  ex- 
periments were  made,  that,  although  the 
fine  Thames  fand  made  better  mortar  than 
the  coarfe  fand  or  the  rubble  afforded,  the 
mortar  will  not  always  he  the  better  as  the 
land  is  finer,  however  lharp  it  be.  I there- 
fore procured  a large  quantity  of  the  very 
fine  pit-fand  ufed  in  London  under  the 
name  of  houfe-fand : I wafhed  away  the 
clay  with  which  it  abounds,  and  dried  it  : 
viewing  it,  when  thus  eleanfed,  with  a lens* 
I eftimated  the  fize  of  the  grains  to  be,  at 
the  medium  of  the  largeft  and  fmallelt,  about 
one  ninth  part  of  that  of  my  fine  Thames 
find  : this  I call  fineft  fand.  At  the  fame 
time  I was  favoured,  by  my  neighbour 
Mr.  Bentley  the  ingenious  manufacturer  of 
the  ornamental  StafFordfhire  ware,  with  the 
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necelfary  quantity  of  the  fine  powder  of  cal- 
cined flints,  which  is  prepared  for  his  manu- 
factory. 

With  divers  mixtures  of  thefe  with  lime 
water  and  lime,  in  a variety  of  proportions  ; 
and  with  each  and  both  of  thefe,  blended 
withcoarfe  and  fine  land,  lime  and  lime  water 
in  fimilar  proportions  ; 1 made  a great  num- 
ber of  fpecirnens  of  mortar,  which  I tried 
in  the  manner  already  defcribed ; and  noting 
my  observations  on  them,  I found  the 
following  to  be  the  moll  eligible  for  the 
concife  recital  intended  in  this  effay. 

Mortar  containing  the  quantity  of  lime 
neceflary  to  the  plafiicity  and  other  defire- 

■9 

able  properties  of  it,  or  a greater  quantity 
of  lime,  is  the  more  liable  to  crack  in  drying, 
as  the  land  of  it  is  finer.  f 

Mortar  made  with  this  fineft  fand  and 
lime,  does  not  grow  fo  hard,  or  refill:  fra  (ft  u re 
fo  forcibly,  as  that  made  with  my  fine  Thames 
band  and  lime,  in  the  fame  proportions,  or 
any  others  neareft  to  thefe.  But  the  for- 
mer mortar,  when  compofed  of  about  fix 
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parts  of  fand,  one  of  lime,  and  the  necef- 
fary  quantity  of  lime  water,  and  {lowly  dried, 
becomes  much  harder  than  any  of  the  com- 
inon  calcareous  ftuccos,  ufed  by  plaifterers. 

MortAr  compofed  of  lime,  my  fine 
Thames  fand,  and  the  fineft  fand,  is  the 
worfe  as  the  quantity  of  fineft  fand  is  greater : 
and  this  holds  true  in  every  tried  proportion 
of  the  lands  and  lime. 

Mortar  conlifHng  of  lime,  coarfe  Thames 
fand,  fine  Thames  fand,  and  fineft  fand,  is 
the  worfe  as  the  quantity  of  this  laft  is  the 
greater,  when  the  comparifon  is  made  be- 
tween it  and  the  cement  made  with  the 
fame  quantities  of  lime  and  the  belt  mix- 
ture of  coarfe  and  fine  Thames  fand. 

Mortar  made  with  flint-powder,  lime 
and  lime  water,  in  any  proportion,  is  more 
liable  to  crack  in  drying,  than  mortar  com- 
pofed of  any  fand  and  lime : it  is  moreover 
incapable  of  hardening  to  fo  great  a degree ; 
whether  the  hardnefs  be  tried  with  a chizel, 
or  by  breaking  it  acrofs.  But  mortar  made 
with  about  five  parts  of  flint-powder,  one  of 
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lime,  raid  the  neceflary  quantity  of  lime  wa- 
ter, is  lieverthelefs  preferable  to  any  ftucco 
now  ufed  in  inti de  work,  for  the  finishing  coat ; 
becaufe  it  has  a more  lively  whitenefs,  and 
aflumes  a finer  furface,  which  I think  might 
be  made  to  imitate  that  of  marble : It  requires 
however  to  be  dried  very  (lowly. 

Mortar  made  with  coarfe  Thames  fand, 
fine  Thames  fand,  flint-powder  and  lime;  or 
with  fine  Thames  fand,  finefl:  fluid,  flint- 
powder  and  lime;  or  with  the  fined  fand, 
flint-powder  and  lime;  is  the  worfe,  as  the 
quantity  of  flint-powder  is  greater,  relative- 
ly to  that  of  the  land. 

Upon  the  whole  it  appeared,  that  the  finefl 
fluid  is  injurious  in  mortar  which  is  expofed 
to  the  weather,  and  that  flint-powder  is  flill 
worfe:  but  that  this  lafl  may  be  advanta- 
geoufly  ufec  in  compofing  ftucco  for  in  fide 
work,  in  which,  a fine  texture,  pleafing  co- 
lour, and  fmootli  furface,  are  preferred  be- 
fore extreme  hardnefs ; and  in  which  the  dry- 
ing may  be  regulated  flo  as  to  prevent  the  in- 
crultation  from  cracking. 
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Instead  of  reding  fatisfied  with  the  bare 
difcovery  of  the  fadt,  that  very  fine  fand,  or 
quartofe  powder,  is  incapable  of  making  fo 
good  a cement  as  may  be  formed  with  coarfer 
fand,  although  fine  Thames  land  and  lime 
make  a better  cement  than  can  be  compofed 
with  the  coarfe  land  and  lime;  and  that 
the  mixture  of  very  fine  fand,  or  liliceous 
powder,  with  the  Thames  fand,  is  rather  in- 
jurious than  ufeful,  although  the  mixture  of 
the  fine  with  the  coarfe  Thame's  fand,  is 
better  for  mortar,  than  either  of  them  un- 
mixed ; I took  a great  deal  of  pains  to  learn 
the  caufe  of  this,  in  order  to  confirm  or 
corredl:  the  foregoing  notions,  and  render 
the  precepts  which  flow  from  this  fadt, 
the  more  fatisfaclory. 

0 V 

By  forting  my  fined  find  into  divers  par- 
cels, in  lifting  it  through  different  fieves ; 
by  mealuring  the  mefhes  of  thefe;  and  by 
viewing  the  grains  of  each  parcel  ranked 
clofely  on  a fcale ; I perceived,  more  clearly 
than  I had  done  before,  the  roundnefs  of 
this  land : I moreover  found  that  the  grains 
of  the  coarfed  parcel  were,  at  a medium  of 
their  refpedtive  bulks,  upwards  of  fixteen 
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times  larger  than  thofe  of  the  fineft  parcel, 
the  grains  of  the  other  parcels  being  of  divers 
intermediate  fixes.  As  this  fand  therefore 
has  every  advantage  attainable  by  the  mix- 
ture of  coarfe  and  fine  grains,  and  every  dis- 
advantage refulting  from  the  fmallnefs  and 
roundnefs  of  its  grains,  I learned  the  reafon 
why  the  defeCts  attending  Such  fine  round  fand 
in  mortar,  are  not  corrected  by  any  mixture  of 
coarfe  fand.  How  thefe  defeCts  are  induced 
by  the  fin  eft  fand  and  flint-powder,  we  may 
conceive  in  the  following  manner. 

Having  already  fhewn  how  the  roundnefs 
of  fand  tends  to  render  the  mortar  made  with 
it  defective,  I may,  without  any  further  illu- 
stration of  this  matter,  reckon  on  this  fi- 
gure of  the  grains  of  fineft  fand,  as  one  cauie 
of  the  imperfection  of  the  mortar  in  which  it 
js  ufed. 

There  is  nothing  to  prevent  the  laminae 
pf  lime  pafte,  which  intercede  the  grains  of 
fineft  fand,  from  being  as  thick,  in  the  mafs 
of  mortar  made  with  it,  as  they  are  in  mortar 
made  with  coarfer  find  ; but  they  are  likely 
to  be  thicker  in  general,  as  the  faces  of  the 
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finer  grains  are  rounder : The  number  and  ex- 
tent, moreover,  of  thefe  laminae,  muff  be 
greater,  in  the  fum,  in  the  fine  ft  fand  than 
in  the  coarfer  : and  it  is  for  thefe  reafons, 
that  more  lime  pafte  is  required  to  make  mor- 
tar with  the  former  than  with  the  latter ; 
fince  the  mortar  is  not  formed,  until  the  pafte 
envelopes  every  grain,  and  fills  the  interfaces. 

In  this  view  of  the  fubjedt,  we  difcover  ano- 
ther caufe  of  the  defedt  lately  mentioned. 

If  we  ufe  lime  with  a {paring  hand,  it  will 
not  extend  between  all  the  grains  or  fill  the 
fpaces  ; we  find  the  mortar  too  fliort  whilft 
frefh  ; and  it  is  as  defective  in  ftrength,  when 
indurated,  as  it  is  deficient  of  the  cementing 
matter.  When  we  ufe  the  neceffary  quan- 
tity of  lime,  the  calcareous  matter  bears  a 
greater  proportion  to  the  quartofe  grains,  in 
this  fineft  mortar,  than  in  the  coarfer;  and  this  / 
renders  the  former  defective,  according  to  the 
principles  of  aggregation  already  exprefled. 

/ j 

A third  caufe  of  the  imperfection  of 
mortar,  made  with  fineft  fand,  or  containing  a 
large  quantity  of  it,  appears,  on  the  confide- 
ration  of  the  quantity  of  lime.  We  have  re- 
peatedly feen  that  mortar  contradls  the  more 
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in  drying,  and  is  the  more  apt  to  crack,  as 
it  contains  a greater  quantity  of  limepafle: 
and  as  the  finefi:  fand  requires  an  extraordi- 
nary  quantity  of  the  pafte  to  form  it  into 
mortar,  the  aggregation  of  fuch  a cement  is 
likely  to  be  impaired  by  failures,  although 
they  do  not  always  appear,  by  reafon  of  their 
fmallnefs. 

Other  caufes,  of  the  experienced  imper^ 
fedtionof  fine  mortar,  might  be  added,  which 
have  no  relation  to  the  figure  of  the  grains  of 
fand  or  the  quantity  of  calcareous  matter ; 
but  to  avoid  an  excefs  of  theory,  I forbear  to 
mention  them,  and  fhall  only  add  a conjec- 
ture concerning  the  finer  cements, 

When  a cementious  mafs,  like  mortar, 
is  cut  with  an  edged  inftrument,  or  bro- 
ken acrofs,  we  may  obferve  that  the  fracture 
happens  in  the  fhortefi  line,  along  the  laminae 
of  the  weaker  cementing  matter,  and  feldom 
or  never  in  the  fhortpr  right  line  palling  thro’ 
the  harder  grains  and  the  cement  alternately, 
although  theimprefled  force  tend  to  caufe  the 
folution  of  continuity  in  the  fhortefi,  or  in  a 
right  line.  By  the  principles  of  mechanics, 
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the  refinance  to  fuch  forces  is  greater,  ctt- 
teris  paribus,  as  the  line  of  fracture  is  longer, 
whether  it  be  hraight,  or  winding  in  any 
courfe  : and  it  it  for  this  reafon,  that  a wall 
built  with  very  large  fquare  hones,  is  lefs  li- 
able to  crack,  although  the  foundation  Ihould 
fail  near  one  extremity  of  it,  than  a brick 
wall  built  with  the  fame  kind  of  cement  on 
the  like  ground  ; or  that  a wall,  whofe  bricks 
are  jointed  in  the  prefect  fafnion,  is  more  fe- 
cure  from  cracking,  than  that  which  fhould 
be  built,  on  the  like  infirm  ground,  with  the 
fame  kind  of  mortar  and  bricks  handing  over 
each  other,  not  jointed,  but  with  their  lides 
find  ends  flufhed,  as  the  workmen  exprefs  it. 

As  cements  are  cut  and  broken  in  the  direction 
of  the  cement,  and  not  in  the  fhorter  line ; 
as  the  cracks  in  ill-founded  walls  run  wind- 
ing along  the  joints,  inhead  of  going  in  the 
haorteh  courfe  through  the  bricks  and  joints 
alternately ; and  as  the  relihance  of  fuch  ce- 
mentious  mafies,  ehimated  by  mechanical 
theory,  is  greater,  as  the  line  of  fra&ure  is 
neceharily  elongated  by  the  hronger  aggrega- 
tion of  certain  parts  of  them  ; I am  inclined 
to  think  that  calcareous  cements  made  with 
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lime  and  quartofe  matter,  will  always  be 
found  weaker,'  under  the  trial  bv  the  chizel 
or  by  fracture,  as  the  quartofe  find  or  powder 
is  finer ; becaufe  the  line  of  fracture,  which 
takes  the  courfe  of  the  cementing  matter,  is 
fhorter,  in  any  equal  depth  of  fuch  mafles, 
as  the  hard  quartofe  grains  are  finer  and 
rounder. 

As  flint-powder  confids  of  exceedingly  fine 
grains  of  iilicious  itone  worn  to  roundnefs  in 
the  grinding,  what  has  been  faid  of  the  fined: 
fand  is  fufficient  to  fhew,  why  the  cements, 
which  contain  flint-powder,  are  the  word  of 
all  thofewehave  mentioned. 

The  cudomary  method  of  wafhing  fand, 
even  for  ft ucco  which  is  to  be  expofed  to 
the  weather,  confids  in  pafiing  it  through  a 

lieve,  bv  a circular  horizontal  motion  of  it, 
in  a tub  filled  with  water,  which  flows 

over,  and  carries  away  with  it  any  light  mat- 
ter which  can  be  long  fidpended  in  water, 
as  fad  as  the  fand  runs  through  the  lieve  into 
the  veflTel.  But  this  procefs  is  inadequate  to 
our  views  ; becaufe  the  fined  fand  fubfides 
' along  with  the  bed,  and  thefe,  in  the  pre- 
cipitation 
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cipitation,  entangle  and  carry  down  with 
them  a great  deal  of  finer  powder  or  dirt. 
Where  fuch  a method  muft  be  purfued,  for 
want  of  other  utenfils,  or  through  the  fcarci- 
ty  of  water,  the  land  ought  to  be  agitated 
again  in  fmall  parcels,  with  a part  of  the 
water  which  has  cleared  by  fubfidence ; and 
immediately  after  the  agitation,  the  muddy 
water  ought  to  be  poured  off,  before  the 
light  parts  have  time  to  fubfide  in  it.  But 
the  ufeful  part  of  the  fand  is  more  effectually 
freed  from  the  finer  and  noxious  parts,  by 
fifting  it  in  Breaming  water,  whofe  current 
is  to  be  fo  managed,  that  it  fhall  carry  away 
the  mud  and  the  fand  which  is  too  fine, 
whilft  the  better  part  fubfides  in  a proper 
receptacle.  This  art  may  be  gathered  from 
the  practice  of  the  Cornifh  miners,  in  wafh- 
ing  their  pounded  ores,  better  than  from  any 
written  precepts. 

In  the  fubfequent  pages  I propofe  to  fhew 
the  integrant  parts  of  gravel,  and  their  feve- 
ral  properties  in  mortar:  for  my  prefentpur- 
pofe  it  will  be  fufficient  to  obferve,  that  the 
gravel  commonly  employed  in  building  con- 
lifts  chieflv,  after  it  is  fkreened,  of  rubble 
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coarfe  fand,  fine  fand,  and  fined;  fand,  limi- 
]ar  to  thofie  uled  in  our  experiments.  This 
is  obvious  on  the  bare  infpedtion  of  it,  and 
leads  us  to  dilcover  another  caufe  of  the 
weaknefs  of  our  modern  cements,  in  the 
compolition  of  which,  no  other  precaution  is 
ufed,  refpedting  the  gravel,  except  to  fepa- 
rate  the  bones  and  coarfeb  rubble  from  it, 
by  fkreening. 

When  it  happens  that  the  fkreened  gravel 
contains  more  than  a certain  quantity  of  rub- 
ble, relatively  to  that  of  coarfe  and  fine  fand 
fimilar  to  thofe  delcribed,  the  mortar  made 
with  it  muff,  according  to  our  experi- 
ments, be  defective.  It  will  be  lo  likewife, 
whenever  the  coarfe  land  of  it  predominates 
over  the  fine  fand,  to  a greater  degree  than 
that  which  was  found  confident  with  the 
perfection  of  mortar  : and  when  the  quan- 
tity of  fined  fand  happens  to  be  conliderable 
in  gravel,  the  mortar  made  with  it  mud  be 
faulty  in  a greater  degree.  Now  fuppofing 
the  gravel  to  be  freed,  by  the  fkreening,  from 
every  thing  more  injurious  than  fined  fand 
and  quartofe  powder,  we  perceive  that  the 
artiff,  who  is  ignorant  of  the  advantages  of 

fixing 


[ I09  3 

fizinghis  gravel,  and  ufes  it  in  its  native  (late, 
as  chance  prefents  it,  has  the  odds  greatly 
againft  his  making  good  mortar,  although  he 
may  fometimes  do  it,  without  knowing  the 
reafon,  as  we  fhall  find  hereafter  : for  his 
chance  is,  that  the  native  gravel  fhall  confift 
of  coarfe  and  fine  fand  mixed  in  the  propor- 
tion of  4 to  3,  or  of  the  rubble,  coarfe  and  fine 
fand  mixed  in  the  proportions  above  recom- 
mended ; and  that  it  fhall  contain  little  or  no 
fand  like  our  fineft  fand  : but  the  chances 
againft  him  are  as  numerous  as  there  aie 
other  diftant  proportions  of  rubble  coarfe  and 
fine  fand  in  gravel,  and  as  the  kinds  of  gra- 
vel ufed  are,  which  contain  the  fineft  land 
or  ftill  finer  quartofe  grains,  in  efficient  quan- 
tity. 

In  great  cities,  where  gravel  cannot  be 
procured  fo  cheap  as  the  rubbifh  of  old  walls, 
which  the  workmen  lay  in  the  ftreets  to  be 
ground  to  powder  by  the  paffing  carriages, 
they  ufe  this  rubbifh  fkreened,  in  the  place 
of  fand  or  gravel, in  making  mortar.  It  con- 
lifts  of  the  grofs  powder  of  bricks,  and  of  mor- 
tar indurated,  as  much  as  bad  mortar  can  be, 
by  time ; and  fome  builders  affirm  that  it  is 
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better  than  fancl  or  gravel,  for  mortar.  It  is 
certainly  eligible  when  the  price  is  chiefly 
conlidered  ; in  any  other  view,  it  is  not  fo* 
From  my  paid  experience  J judged  the  cal- 
careous powder  of  an  old  cement,  and  that  of 
the  bricks,  to  be  a brittle  perilhable  and  weak 
fubffitute  for  grains  of  land  ; and  the  quan- 
tity of  duff  in  fuch  ground  rubbifh,  to  be 
highly  injurious  : but  as  the  opinion  of  the 
workmen  was  againft  me,  I made  fome  trials 
of  it. 

I found  that  lefs  lime  was  requried  to  make 
fat  mortar  with  this  ground  rubbilh,  than 
with  my  beft  mixtures  of  land  ; which  is  no 

a 

fmall  recommendation  of  it  in  certain  jobbs, 
and  is  owing,  in  my  opinion,,  to  the  ground 
calcareous  pait,  which,  fo  far  as  it  is  finely 
powdered,  is  equivalent  to  whiting  : but  the 
mortar  made  with  the  rubbilh  appeared,  in 
every  ffage  of  induration,  and  in  every  com- 
panion except  that  of  the  plafficity,  to  be 
G reatly  inferior  to  that  made  with  mixed  fand 
and  lime,  in  the  fame  proportions. 

If  the  workmen  would  coniine  their  opi- 
nion to  the  comparifon  of  fuch  rubbilh-mor- 
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tar,  with  that  in  which  clayey  gravel  is  ufed, 
or  with  the  cements  made  with  the  afhes 
and  ordure  of  the  town,  dug  out  in  prepa- 
ring foundations  of  houfes,  in  thofe  places 
which  were  formerly  receptacles  of  fuch 
matter,  they  might  maintain  it  on  divers 
grounds  which  will  be  examined  hereafter 
but  otherwife  it  is  erroneous. 
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SECTION  XIV. 

Experiments  made  on  a larger  Scale  with  our  bejl 
Mixture  of  Sands  Lime  l La  ter  and  Lime . 

IN  the  fpring  and  iummer  of  the  yea1' 
1778,  I repeated  a great  number  of  the 
foregoing  experiments,  particularly  thofe 
which  exhibit  mortar  in  the  improved  flate 
to  which  I had  brought  it ; and  finding  my 
former  observations  to  be  true,  when  the  cir- 
cumftances  were  not  varied,  I refolved  to  try 
my  heft  cements  in  larger  quantity  and  in 
other  circumftances.  I applied  them  in  the 
way  of  ftucco,  on  the  brick  walls  of  houfes,- 
in  different  alpedts,  but  chiefly  in  that  of  the 
meridian  fun  ; covering  a lquare  yard  at  leafl 
with  each  fpecimen,  after  I had  repeatedly 
wetted  the  wall  with  lime  water. 

By  thefe  trials  I found  that  mortar,  made 
with  four  parts  of  coarfe  fand  and  three  of  fine 
wetted  with  lime  water  and  beaten  up  with 
one  of  ray  lime  flaked  with  lime  water,  al- 

though 
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though  it  could  be  eafily  Ip  read  on  a hori* 
zontal  plane,  or  ufed  in  building  with  bricks, 
was  rather  too  fhort  for  pi  aider  mg,  on  the  per^ 
pendicular  furface  of  a wall.  It  might  how- 
ever be  laid  on,  in  fmall  fuccedive  portions, 
by  a dexterous  management  of  the  trowel, 
and  efpecially  by  Hiding  the  inftrument  on  it 
upwards. 

When  the  weather  continued  temperate 
and  dry  for  eight  or  ten  days  after  the  in- 
crudation  was  made,  and  no  great  quantity 
of  rain  fell  for  three  or  four  weeks  after- 
wards, thisducco  aniwered  my  expectations; 
for  it  did  not  crack  in  the  lead,  and  in  three 
months  was  almod  as  hard  as  Portland  done, 
at  the  furface,  where  the  induration  fird  takes 
place  for  the  realons  formerly  mentioned  ; 
but  it  was  too  coarfe  to  reprefent  a fine 
grained  done. 

Having  made  two  pieces  of  incrudation 
of  this  kind,  on  the  fame  wall,  and  knowing 
that  calcareous  cements  cannot  harden  fo 
foon  as  it  is  necedary  in  outiide  duccoing,  un- 
lels  they  he  pervious  to  acidulous  gas,  in 
which  cafe  they  may  drink  in  water  likewife,  I 

1 fre- 
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frequently  wetted  one  of  the  pieces,  in 
about  three  months  after  it  was  formed, 
with  lime  water,  expecting  that  the  calcareous 
matter  of  it  would  crydallize  in  the  cement 
and  render  it  cloier  and  harder.  I was  not 
difappointed  ; for  in  the  courfe  of  a month  I 
found  this  piece  of  ducco  harder  and  clofer 
than  the  former,  and  at  the  furface,  as  much 
fuperior  in  thefe  particulars,  to  Portland  done, 
as  the  other  was  inferior  to  it.  I have  lince 
found  that  lime  water  has  not  this  effect,  if  the 
incruftation  be  wetted  with  it,  before  it  is  quite 
dry  and  indurated  (lowly,  to  vie  with  Port- 
land (tone  in  that  kind  of  drength  which  is 
tried  by  grinding  Portland  done  on  it,  or  dra- 
ping it  with  a chizel ; for  any  other  trial  of  in- 
crudations  is  unfair,  until  the  induration  has 
proceeded  equally  through  the  whole  mafs. 

When  the  incrudations  made  of  the  fame 
cement,  were  wetted  by  rain,  in  two  or  three 
days,  or  fooner  after  they  were  applied,  and 
efpecially  when  the  wind  blew  the  rain  for- 
cibly upon  them,  they  were  fenfibly  injured, 
for  they  never  afterwards  looked  or  hardened 
fo  well  as  the  former  Ipecimens  of  ducco. 


In 
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In  thefe  particulars  the  large  incruflations 
agreed  with  thole  made  on  tiles;  But  the 
lame  agreement  did  not  appear  in  the  iricrufc 
tations  which  I had  made  with  the  fame 
cotnpoiition,  on  a wall  which  fronted  the 
meridian  fun,  at  a time  when  the  weather 
was  very  hot : for  thefe  fhewed  a few  flen- 
der  cracks  in  the  courfe  of  three  days. 
When  in  the  fame  lituation  and  weather* 
and  on  a coarfe  ltucco  of  this  kind,  I fpread, 
in  about  two  hours  after  it  was  laid  on,  a 
thinner  coat  of  cement  made  with  finer  fand, 
in  order  to  reprefen t a finer  grained  ftone,  the 
incruftation  confining  of  thefe  two  layers, 
cracked  more  than  the  former. 

After  many  repetitions  of  thefe  experiments, 
in  the  hottefi:  weather,  with  the  fame  event, 
I perceived  that  the  trials  of  fuch  cement  on 
tiles,  are  not  fo  fevere  as  thofe  to  which  they 
may  be  expofed  fometimes  in  incruftations 
on  walls.  In  this  latter  cafe,  the  ftucco  is 
very  unequal  in  thicknefs  ; for  in  the  hollow- 
joints  and  deprefiions  of  the  bricks,  it  is  near 
an  inch  thick,  when  over  the  prominences  it 
has  not  more  than  one-eighth  of  this  thick- 
nefs ; and  as  it  dries  foonefl  in  the  thin  parts, 
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the  unequal  contraction  feems  to  be  the  caufe 
of  thofe  cracks,  which  would  not  happen  to 
the  fame  cement  laid  on  the  flat  furface  of  a 

tile  : it  feems  moreover  that  fuch  a compoli- 

.1 

tion  may  more  eaflly  contract  in  drying,  with- 
out cracking,  as  the  cruft  is  made  narrower  or 
lefsextenfive.  But  I impute  the  cracking  chiefly 
to  the  foregoing  unequal  contraction  accelerated 
not  only  by  the  heat  of  the  fun  and  the  wall, 
but  by  the  thirfly  bricks ; for  if  we  form  our 
judgment  according  to  the  quicker  or  flower 
progrefs  of  the  exflccation,  and  the  ftiffnefs 
which  the  cement  acquires  in  the  act  of  fp read- 
ing it  on  the  brick  wall,  the  wetting  of  this 
laft  fuperficially  with  lime  water,  is  not  equi- 
valent to  fteeping  the  tiles  for  a few  mi- 
nutes in  the  fame  liquor. 

When,  with  the  view  of  preventing  fif- 
fures,  I jfluccoed  a part  of  the  fame  wall  wet- 
ted with  lime-water  with  cement  containing 
the  mixed  finds  and  lime  in  the  pro- 
portion of  fifteen  to  two,  in  the  fame  kind  of 
weather,  I found  the  difficulty  and  wafte,  in 
applying  it,  greater  than  in  the  former  in- 
ftances,  and  that  it  was  defective  in  ftrenpth 

o 

and  clofenefs,  for  want  of  lime,  although  it 
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did  not  crack.  When,  through  diflruft  of 
my  former  experiments,  I ufed  more  than 
one-fcventh  of  lime,  the  cracks  were  frill  lar- 
ger and  more  numerous. 

To  guard  a recent  incruftation  from  the 
rain,  and  to  fecure  it  from  cracking  in  the 
circumftances  laft  defcribed,  I propofed  the 
expedient  of  hanging  fail  cloth  on  the  cor- 
nices and  fcaftolding  : but  the  expence  of  this 
meafure,  and  the  danger  of  it  in  windy  weal- 
thier, were  ftrong  object  ions. 

Embarrassed  by  this  unexpected  difficulty, 
Ij  relolved  to  change  my  ground,  and  try 
what  might  be  done  by  a new  feries  of  expe- 
riments, in  which  I intended  to  ufe  every 
known  cheap  fubftance,  whether  it  could  be 
reafonably  fuppofed  to  have  any  conliderable 
effedt  towards  fecuring  a recent  incruftation 
againft.  the  above-mentioned  impreffions  of 
rain  or  hot  weather,  or  could  be  fulpedted 
of  rendering  the  ftucco  defective.  I profe- 
cuted  this  enquiry  with  great  alacrity,  be- 
caufe  I was  certain  that,  although  I ffiould  fail 
in  the  attempt  towards  improvement,  I 
ffiould  learn  how  in  future  to  avoid  thofe 
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tilings,  which  being  natively  blended  in  ceis 
tain  kinds  of  lime  Hone  hand  or  water,  tend  to 
render  the  mortar  made  with  them  faulty. 
I -had  already  conceived  a notion,  which 
I fhall  fubmit  to  my  reader  before  1 conclude, 
concerning  the  excellence  of  fome  antient 
cements  ; but  led;  I fhould  be  milled  by  it, 
I proceeded,  in  all  the  experiments  which  I 
am  to  relate,  on  the  luppofition  that  this  ex- 
cellence is  owing  to  fome  matter,  accident- 
ally introduced  in  the  materials  which  the 
.Antients  found  in  the  dillrifls  contiguous  to 
their  moft  durable  cementious  works,  or 
defignedly  blended  with  their  mortar. 


SECTION 
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SECTION  XV. 


Experiments  /hewing  the  integrant  Parts  of  Gra- 
ve/,  the  Choice  and  Preparation  of  it ; ancl  the 
Effects  of  Clay , Fullers  Earth , and  \ Terras , 


in  Mortar . 

N infjpecting  different  kinds  of  gravel 


ufed  in  London  and  in  divers  parts  of 
England,  in  making  mortar,  I obferved  that 
they  all  contained  home  clay  ; and  that  this 
was  generally  coloured  with  martial  matter. 
In  conlideration  of  the  frequency  of  this  mat- 
ter in  mortar,  I made  it  the  firft  fubje<£t  of 
my  prefent  enquiry. 

By  the  art  already  deferibed,  I forted  three 
bufhels  of  Ikreened  gravel  dug  up  near  Port- 
land Place  in  Marybone  parilh,  into  five  par- 
cels ; one  equivalent  to  our  rubble,  another 
to  coarle  fand,  another  to  our  fine  Thames 
fand,  another  to  our  fined:  fand  ; and  the  re- 
mainder was  fet  apart  as  clay  or  bolar  earth. 
I dried  all  thefe,  and  reduced  the  lumps  of 
clay  to  an  impalpable  powder. 
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Having  treated  divers  other  fpecimens  of 
gravel  in  the  fame  manner,  I found  that  gra- 
vel, freed  from  the  larger  pebbles  by  lkreen- 
ing,  may  generally  be  conlidered  as  a native 
mixture  of  rubble,  lands,  and  clay  ; and  that 
when  the  clay  is  wafhed  out,  the  reliduary 
parts  of  the  different  kinds  of  gravel,  differ  in 
fize,  fharpnefs,  colour  and  hardnefs  ; thole 
being  the  hardeft  which  conlift  chiefly  of 
quartofe  matter.  Judging  of  gravel  accord- 
ing to  the  precepts  derived  from  my  trials  of 
land,  I rank  that  dug  in  Marybone  amongff 
the  better  kinds  of  gravel,  and  ufed  no  other 
in  mortar, 

After  a great  number  of  trials  of  ce- 
ments made  with  my  befr  chalk-lime,  lime- 
water  and  the  gravel,  or  certain  parts  of  the 
gravel,  and  applied  on  tiles  and  on  a wail,  I 
found  that  thole  made  with  the  coarfe  and 
fine  land  of  the  gravel,  feparated  from  the  reft 
of  it,  and  mixed  in  their  native  proportions, 
were  the  heft;  that  thole  made  with  the 
rubble  coarfe  land  and  line  land  mixed  in 
their  original  proportions,  but  containing  no 
other  part  of  the  gravel,  were  the  next  in 
hardnefs  and  the  other  deiireable  qualities ; 

that 
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that  thole  containing  all  the  parts  of  the 
gravel  except  the  clav,  in  their  native  propor- 
tions,  differed  in  nothing,  that  I could  difco- 
ver,  from  thefe  laid,  for  the- fined;  land 
of  this  gravel  was  not  a fiftieth  part  of  the 
mafs  of  it  ; that  thofe  containing  the  rubble 
lands  and  clay  in  the  fame  proportions,  and 
thofe  made  with  the  unwalhed  gravel,  ap- 
peared on  a dole  examination  to  be  the  world 
of  all  thefe:  and  thofe  containing  the  na- 
tive unwalhed  gravel  mixed  with  twice  its 
proper  quantity  of  the  clay  of  lucli  gravel, 
fhewed  mold  clearly  that  clay  is  highly  inju- 
rious, bv  difpofing  the  mortar  to  crack  in  dry- 
ing, to  foften  in  wet  weather,  and  to  moulder 
when  the  quantity  of  clay  is  one-eighth  of  tfat 
of  the  land  ; but  in  much  fmaller  quantities, 
it  only  prevents  the  cement  from  acquiring 
the  hardnefs  peculiar  to  good  mortar,  and 
confequently  difpofes  it  to  perilh  in  a few 
years. 

With  my  held  mixtures  of  Thames  fluids 
lime  water  and  lime,  I blended  fine  fat  to- 
bacco-pipe clay,  in  different  proportions,  and 
expoling  thefe  fpecimens,  I perceived  that  the 
effe6t  of  clay  is  greater  as  it  is  purer  and  fat- 
ter. 
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ter.  The  fpecimens  in  which  the  quantity 
of  fat  play  was  one-feventh  or  one-eighth  of 
that  of  the  lands,  mouldered  early  in  the 
winter  like  marie. 

These  appearances  were  not  altogether  un- 
expected : for  in  experiments  formerly  made 
with  a view  to  the  improvement  of  fire-vel- 
fels,  I had  obferved  that  clay  adheres  but 
weakly  to  any  hard  bodies,  however  {lowly 
it  is  dried  on  them,  and  that  mafles  compofed 
of  clay  and  find  in  divers  proportions,  never 
acquired  any  confiderable  hardneis  by  the 
mere  drying  and  expofure  to  air : It  was 
therefore  not  likely  that  clay  fhould  add  to 
the  ftrength  of  mortar  : but  as  dried  clay 

greedily  imbibes  water  and  1 wells  with  it, 
and  in  drying  contracts  greatly  and  cracks,  if 
any  thing  prevent  it  from  contracting  equa- 
bly ; and  as  marie  ltones,  which  conlift  of 
clay  and  calcareous  earth,  moulder  in  the  wea- 
ther ; it  was  to  be  expeCted  that  clay  would 
be  hurtful. 

These  experiments  point  out  another  caufe 
of  the  defeCts  of  the  common  mortar,  and 
{hew  that  the  gravel  or  pit-find  to  be  ufed  in 

any 
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any  valuable  building,  ought  to  be  freed  from 
the  clay  by  wafhing,  which  will  be  found  a 
very  cheap  operation,  even  in  cities,  if  the 
water  which  carries  off  the  clay,  be  directed 
into  a place  where  it  may  be  depurated  by  fub- 
lidence,  for  repeated  ule  : they  likewife  dire£t 
us  in  the  examination  and  choice  of  thefe,  and 
fhew  that  the  viler  kinds  may  be  made  equi- 
valent to  our  beft  mixture  of  Thames  fand,  or 
nearly  fo,  by  wafhing  and  forting,  and  then 
rejecting  the  excefs  of  rubble  or  fine  fand. 

I must  obferve  however  that  fome  kinds  of 
gravel  cannot  be  made  fit  for  mortar  by  this 
procefs : for  the  grains  of  them,  which  re- 
femble  thole  of  rubble  and  coarfe  fand,  confift 
of  fmaller  grains  cemented  by  clay,  which  is 
fo  far  indurated  that  it  cannot  diffufe  itfelf 
jn  the  water  fpeedily. 

Fullers  earth  tried  in  the  fame  manner 
was  found  to  operate  in  the  mortar  like  clay, 
in  every  refpeft,  as  I might  have  prefumed, 
except  that  the  former  was  lels  injurious  than 
the  clay,  when  the  quantifies  of  them  were 
equal. 


Terras, 
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Terras,  which  is  a volcanic  production 
confiding  chiefly  of  clay  and  calx  of  iron  in- 
durated together,  when  it  was  ground  to  an 
impalpable  powder,  produced  the  effcdls  of 
fuller’s  earth,  in  mortar,  the  more  fenilbly  as 
it  approached  nearer  to  be  one-feventh  of  the 
quantity  of  fand.  The  coarfer  powder  of 
terras  had  lefs  effect:. 

A mortar  made  of  terras  powder  and  lime 
was  ufed  in  water  fences  by  the  Romans, 
and  has  been  generally  employed  in  fuch 
ftructures  ever  fince  their  time.  It  is  pre- 
ferred before  any  other,  for  this  ufe,  becaufe 
it  fets  quickly,  and  then  is  impenetrable  to 
water  : whence  fome  people  hatiily  conclude 
that  it  is  the  heft  kind  of  mortar  for  any  pur- 
pofe.  But  by  experience  I know  that  mor- 
tar made  of  lime  and  terras  powder,  whether 
coarfe  or  fine,  will  not  grow  fo  hard  as  mor- 
tar made  with  lime  and  land,  nor  endure  the 
weather  fo  well ; but  on  the  contrary  is  apt  to 
crack  and  perilh  quickly  in  the  open  air. 
The  efficacy  of  it  in  water  fences  is  experi- 
enced only  where  it  is  always  kept  wet,  and 
feems  to  depend  on  the  property  which  the 
powder  of  terras  has,  in  common  with  other 


in- 
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indurated  argillacious  bodies,  and  efpecially 
the  boles,  but  in  a higher  degree,  of  expedi- 
ting the  cryftallization  of  the  calcareous  mat- 
ter, by  imbibing  the  water  in  which  it  is 
difFufed  in  the  mortar,  and  of  {welling,  du- 
ring this  abforption,  fo  much,  as  to  render 
the  cement  impenetrable  to  any  more  water  : 
it  l'eems  alio  that  an  acid  of  the  vitriolic  kind, 
which  is  contained  in  terras  as  well  as  in 
boles,  contributes  to  the  fpeedy  fetting  of 
this  cement,  by  reducing  a part  of  the  lime 
to  the  condition  of  gypfum. 
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SECTION  XVI. 


Experiments foewing  the  Ejfelis  of  Plaifer  Pow± 
der , Alum , Vitriolic  Acid,  of  fome  metallic 
and  earthy  Salts , and  of  Alkalies , in  Mortar » 
Practical  Inferences . 

IN  my  belt  mixtures  of  coarfe  and  fine 
Thames  fand  with  one-feventh  and  with 
larger  quantities  of  lime,  I tried  the  gypfeous 
powder  of  which  plainer  of  Paris  is  made  ; 
and  found  it  to  be  injurious  in  proportion  to 
the  quantity  of  it.  The  particular  effects  of 
gypfum  in  mortar,  were  fuch  as  might  be  ex- 
pected in  confequence  of  our  knowledge  of 
the  faline  nature  of  it  ; gypfum  being  a com- 
pound of  calcareous  earth  and  vitriolic  acid, 
which  is  foluble  in  water,  not  fo  freely  as 
neutral  falts,  but  rather  like  lime  : it  difpofed 
the  mortar  to  fet  falter  than  it  could  be  ap- 
plied in  ftuccoing ; it  contributed  very  little 
to  the  plafticity  of  it ; and  the  cement  was  the 
more  apt  to  foften  in  wet  weather  and  to  pe- 
rifh  in  time,  as  the  quantity  of  plaifter  pow- 
der 
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der  in  it  was  greater.  The  greateft  quantity 
tried  was  only  one-feventh  of  that  of  the 
land. 

Alum  was  found  very  injurious.  The 
acid  of  alum  formed  felenite  or  gypfum  with 
a part  of  the  lime,  and  thus  operated  like 
gypfum  or  plaifter  powder  ; whilft  the  earth 
of  the  alum  induced  the  imperfections  which 
attend  the  ufe  of  clay.  The  greateft  quan- 
tity of  alum  ufed  was  one  part  in  ten  of  the 
belt  mixture  of  fand  and  lime  ; and  this  fpe- 
cimen  mouldered,  in  nine  or  teft  months,  like 
marie. 

Vitriolic  acid,  which  formed  felenite  or 
gypfum  with  a part  of  the  lime,  produced  the 
effects  of  a quadruple  quantity  of  plainer 
powder. 

Vitriols  of  lead  and  of  tin,  being  decom- 
pofed  by  the  lime,  operated  like  fmaller  quan- 
tities of  vitriolic  acid  : martial  vitriol  or  cop- 
peras had  the  fame  effect,  and  induced  an 
olive  colour,  which  was  foon  turned  to  that 
of  ruft. 


Vitriol 
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Vitriol  of  zinc  or  white  vitriol,  and 
Epfom  fait,  did  not  difpofe  the  mortar  to  let 
haftily,  nor  injure  it  in  any  particular  dilco- 
verable  during  the  application  and  drying 
of  it  ; for  thefe  vitriols  are  not  eafily  decom- 
pofed  by  lime  : but  afterwards  I perceived 
that  they  impeded  the  induration  of  the 
ftucco,  and  difpofed  it  to  buffer  by  the  wea- 
ther, the  more  as  the  quantity  of  either  of 
them  came  near  to  be  one-tenth  of  the  quan- 
tity of  fand. 

V itriolated  tartar,  Glaubers  fait,  and 
the  falts  which  are  found  in  mod:  of  our  wa- 
ters, fuch  as  fea  fait,  nitre,  marine  calcareous 
fait,  calcareous  nitre,  and  that  compofed  of 
magnefta  and  marine  acid,  were  found  like 
Epfom  fait  to  injure  the  heft  mortar  : fo  were 
cauftic  mineral  alkali  ; cauftic  vegetable  al- 
kali ; and  liquor  lilicum.  Cauftic  volatile 
alkali,  which  foon  exhales  by  reafon  of  its 
volatility,  had  no  fenftble  efFeift.  I did  not 
try  argol  or  mild  alkalies,  becaufe  they  reduce 
the  lime  to  whiting  ; neither  did  I ufe  ant- 
acid which  forms  a very  foluble  fait  with 
lime,  for  obvious  reafons. 
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Knowing  that  the  lime  which  has  been 
employed  by  foap- boilers  to  render  their  ba- 
rilla and  pot-afh  caullic,  contains,  even  after 
the  repeated  elixations,  a little  alkali  and 
vitriolated  tartar  blended  with  the  calcareous 
earth  ; and  that  the  greater  part  of  this  laft 
is  reftored  to  the  condition  of  chalk,  by  the 
acidulous  gas  imbibed  from  the  alkaline  falts  ; 
I had,  in  confequence  of  the  foregoing  ex- 
periments, fufficient  reafoii  to  prefume  that 
this  refute  matter  of  the  loap-boilers  cannot 
anfwer  the  purpofes  of  lime,  or  improve  our 
mortar.  But  as  a pretence  to  the  contrary 
is  made  by  fome  art-ills,  and  appears  in  the 
Builder’s  Dictionary,  and  as  the  cheapnefs 
of  this  article  is  a temptation  towards  their 
extending  the  ufe  of  it,  I refolved  to  decide 
this  queftion  by  direct  experiment. 

After  trying,  in  my  ufual  method,  Ipe- 
cimens  of  mortar  made  with  the  refufe  of 
foap-lees  and  my  heft  fand,  in  different  pro- 
portions ; and  others  made  with  this  fand, 
lime,  and  the  refufe  matter,  in  various  pro- 
portions ; I found  the  firft  deftitute  of  the  moll 
ufeful  properties  of  good  mortar  ; and  the 
others  were  defective,  in  proportion  to  the 
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quantity  of  the  refufe  matter  relatively  to 
that  of  the  lime.  Whether  this  matter  im- 
proves mortar  made  with  gravel  and  the  com- 
mon chalk- lime,  or  encreafes  the  de feels  of 
it,  is  a queftion  not  worth  our  notice. 

The  experiments  lately  related  fhew  that 
lime  is  the  more  unfit  for  building  and  ex- 
ternal incruflations,  as  it  contains  more  gyp- 
fum ; and  I muff  now  remark  that  mo  ft 
kinds  of  lime-ftone  tiled  in  England  con- 
tain confidcrable  quantities  of  this  matter 
which  is  not  much  corrected  in  the  burning  : 
But  as  I have,  in  the  fecond  fection,  enabled 
my  readers  to  difeover  this  imperfection,  I 
hope  1 fhall  be  excufed  from  the  invidious 
office  of  depreciating  or  recommending  any 
particular  lime-ftone  or  manufactory  of  lime. 

The  cautions  which  our  laft  mentioned 
experiments  fuggeft  with  regard  to  the  ufe 
of  water,  are  efpecially  neceflary  in  this 
country,  where  molt  of  the  wells  and  fprings 
abound  with  one  or  more  of  the  above- 
mentioned  falts  ; and  it  is  not  to  be  prefumed 
that  the  quantity  of  thefe  contained  in  water 
which  is  ufed  for  culinary  purpofes,  cannot 

bo 
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be  injurious  in  mortar  ; for  I know  that  fe- 
lenite,  Epfom  fait,  the  very  dcliquefcent  falts 
compound  of  magnefia  and  marine  acid  and 
of  calcareous  cartli  and  the  fame  acid,  may, 
together  with  a little  fea-filt,  be  natively  dif- 
folved  in  water,  to  the  quantity  of  half  an 
ounce  in  a gallon,  without  afte&ing  the  tafte 
of  it  fenfbly.  When  we  confider  the  quan- 
tity of  water  necelfary  in  flaking  the  lime 
making  the  mortar  and  wetting  the  thir- 
ty bricks,  and  the  fmallnefs  of  thole  por- 
tions of  falts,  whole  injurious  effects  were 
difcoverable  in  the  courfe  of  one  year,  or  in 
a Ihorter  time,  we  find  fufficient  grounds  for 
concluding  that  fuch  faline  waters  will  be 
found  hurtful  in  mortar,  before  many  years 
elapfe,  particularly  where  it  is  expofed  to 
moilfure.  Indeed  this  has  been  already  ex- 
perienced of  fea-falt,  even  in  the  finall  quan- 
tity of  it  introduced  in  mortar,  when  the 
land  is  taken  from  the  lea  Ihore.  The 
eafieil:  method  of  difcovering  the  quantity 
of  faline  matter  in  water,  confills  in  evaporat- 
ing it  llowly  to  drynefs  and  weighing  the 
relidue  : water  which  depofites  calcareous 
earth  as  foon  as  it  is  heated,  ought  to  he  cleared 
by  fubfidence  or  filtering,  before  the  evapo- 
ration is  compleated. 
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When  a choice  can  be  made,  ra’111  water 
is  to  be  preferred  ; river  water  holds  the  next 
place,  land  water  the  next,  fpring  water  the 
laft  ; and  waters  noted  medicinally  or  other- 
wife  for  their  faline  contents,  ought  not  to 
be  ufed  at  all  in  mortar  ; for  the  lalts  con- 
tained in  them  are  thole  which  were  tried? 
the  vitriolated  tartar  excepted. 
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SECTION  XVII. 


Experiments Jhewing  the  Effects  of  fkimmed  Milk , 
Serum  of  Ox-Blood,  Deco £1  Ion  of  Lint  feed. 
Mucilage  of  Lint  feed,  Olive  Oil,  Lmtfeed  Oil , 
and  Refin,  in  Mortar  ; and  the  Fffeft  of  paint- 
ing calcareous  Incruflations . 

AT  the  fame  time  and  in  the  fame  mix- 
tures of  the  heft  land  and  lime,  I tried 
Hummed  milk,  ferum  of  ox-blood,  deco&ion 
of  lintleed  {trained,  and  thick  mucilage  of 
lintfeed,  in  the  place  of  lime  water. 

The  mortar  made  with  any  of  thefe  was 
fatter  as  the  liquor  was  more  glutinous,  hut 
was  as  liable  to  crack  as  mortar  made  with 
water.  In  the  courfe  of  a year  it  appeared 
that  each  of  thefe  liquors  encourages  a vege- 
tation to  take  place  on  the  furface,  which 
gives  it  an  ugly  appearance,  and  tends  to 
ruin  it  ; and  that  they  all  prevent  the  cement 
from  acquiring  the  experienced  hardnefs  of 
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our  heft  compositions,  or  indeed  from  having 
any  competition  with  them  in  this  particu- 
lar. 


The  notion  therefore  which  is  entertained 
by  the  builders,  concerning  the  ule  of  Ikim- 
med  milk  and  blood,  is  erroneous,  unless  it 
be  confined  to  the  viler  kinds  of  mortar, 
which  may  perhaps  be  improved  by  them  ; 
becaufe  a compolition  of  land  whiting  and 

mucilage,  grows  harder  than  that  of  whiting 

/ 

and  land  kneaded  with  water. 

It  feems  to  me  that  glutinous  liquors 
and  good  lime  aCt  reciprocally  on  each  other, 
in  the  time  of  mixing  them,  to  the  deftruction 
of  their  refpeCtive  characters,  and  particular- 
ly to  the  converlion  of  a part  of  the  quick 
lime  into  whiting  ; and  that  if  any  kind  of 
mortar  is  improved  by  them,  it  is  then  efpe- 
cially,  when  the  workman  takes  advantage  of 
the  fatnefs  induced  by  them,  and  ufmg  lei's 
than  his  cuftomary  quantity  of  lime,  fecures 
his  work  from  cracking. 

Olive  oil  mixed  with  good  mortar,  or  fuh- 
flituted  in  the  place  of  a part  of  the  lime  wa- 
ter. 
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ter,  rendered  the  cement  defective,  as  the 
quantity  of  oil  was  greater.  The  greateft 
quantity  uled  was  half  that  of  the  lime. 

Lintseed  oil  ufed  in  the  fame  manner, 
makes  the  mortar  fatter,  retards  the  drying 
of  it,  and  prevents  it  from  acquiring  in  any 
time,  fo  great  a degree  of  hardnefs  as  it  other- 
wife  would  have.  It  was  the  more  hurtful 
as  the  quantity  of  it  was  nearer  to  that  of 
half  the  lime  : in  much  fmaller  quantities  it 
was  lei's  injurious  than  olive  oil.  From  my 
obfervations  on  this  fabject,  and  on  the  com- 
pofitions  called  oil  cements,  I have  reafon  to 
conclude,  that  no  oil  ought  to  be  ufed  in  a 
cement  which  conlifls  chiefly  of  fand  lime  and 
water ; nor  any  water  or  watery  liquor,  in  a 
cementious  mixture,  which  is  moillened  and 
kneaded  with  oil  chiefly. 

> 

As  lintfeed  oil  whiting  and  find  make  a ce- 
ment wrhich  hardens  to  a great  degree,  in  dry 
fituations,  and  abides  the  weather  a longtime 
before  the  hardened  oil  relents,  it  is  not  im- 
probable that  lintfeed  oil  may  meliorate  mor- 
tar made  with  bad  lime.  But  good  lime  and 
lintfeed  oil  feem  to  injure  each  other,  in  form- 
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ing  a kind  of  faponaccons  compound  with  the 
lime  water  of  the  mortar. 

From  the  experienced  effects  of  faline,  ge- 
latinous, and  oleaginous  matter,  1 infer  that 
cow-dung,  which  I have  not  tried,  would  im- 
pair good  mortar.  It  makes  the  common 
mortar  fatter,  and  in  that  refpect  more  con- 
venient for  pargeting  the  interior  furface  of 
chimney  flues : it  feems  likewife  to  prevent 
the  parget  made  with  had  lime,  from  drying 
fo  quickly  and  from  cracking  fo  much  as  it 
otherwife  would  do  ; the  fibrous  part  of  the 
dung  being  capable  of  contributing  largely  to 
this  latter  eftedt.  On  thefe  grounds  it  mav 
be  ufeful  in  bad  mortar  thus  applied,  whether 
it  increafes  the  hardnefs  of  it  or  not ; altho’ 
it  is  likely  to  impair  good  mortar. 

Powder  of  refin  intimately  blended  with 
mortar  by  grinding  it  with  a part  of  the  lime 
and  lime  water,  was  hurtful  according  to  the 
quantity  of  it;  the  greateft  quantity  tried  be- 
ing one- fourth  of  that  of  the  lime. 

Before  I knew  the  event  of  thefe  experi- 
jnettts  1 made  an  inci  nidation  on  a wall  front- 
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ing  the  fouth,  but  fhaded  from  the  fun  after 
mid-day,  with  a cement  compofed  of  feven 
parts  of  my  mixed  land,  one  of  the  bed:  done 
lime,  and  the  necefiary  quantity  of  lime  wa- 
ter. As  foon  as  the  incruftation  was  dry, 
which  happened  in  four  days,  I painted  one- 
third  of  it  with  lintfeedoil  prepared  for  pain- 
ters ufe,  another  third  with  white  lead  paint, 
and  the  remainder  was  feparated  from  thefe 
by  a channel  cut  between  them. 

After  fourteen  months  the  lad-mentioned 
portion  was  very  hard  near  the  furface,  and 
the  induration  extended  deeply  in  the  mafs  of 
it,  though  not  in  fo  great  a degree  of  perfec- 
tion as  that  of  the  furface  : The  painted  por- 
tions were  alfo  very  hard  at  the  furface,  but 
internally  much  weaker  than  the  other. 

t* 

From  my  obfervations  of  thefe  fpecimens, 
and  of  divers  incruftations  in  this  city,  which 
being  made  of  bad  calcareous  cement, have  been 

painted  and  fanded,  in  order  to  fill  the  cracks 
and  fence  them  from  the  weather  ; I have 

had  fufficientreafon  to  conclude,  that  an  incru- 
dation,  made  as  good  as  it  maybe  with  lime  and 
find  and  lime  water,  is  not  bettered  by  paint- 
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ing  it  as  foon  as  it  dries;  that  this  covering 
retards  the  induration  of  it,  by  cutting  off  its 
communication  with  the  air  ; that  it  there- 
fore renders  it  liable  to  be  irreparably  in- 
jured in  wet  weather,  wherever  the  water 
can  get  behind  the  paint ; and  that  if  paint 
or  oil  ought  ever  to  be  applied  on  luch 
flucco,  it  ought  not  to  be  uled  in  lets  than 
a year  after  the  incruftation  is  made  : I like- 
wife  found  that  the  painting  and  landing  of 
the  common  defective  incruftations,  contri- 
butes very  little  to  their  duration,  although 
it  hardens  them  at  the  furface  ; for  it  does 
not  effectually  prevent  them  from  cracking  ; 
and  it  avails  very  little  to  paint  the  cracked 
flucco  again ; becaufe  cracked  ftucco  is  al- 
ways  hollow,  as  the  workmen  term  it ; that 
is,  it  parts  from  the  wall  in  the  parts  conti- 
guous to  the  cracks,  founds  hollow  on  being 
ffruck  with  the  knuckle,  and  falls  off  in  a 
few  years,  if  it  be  fo  thick  and  large  in  ex- 
tent as  to  break  the  adhering  portions  by  its 
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SECTION  XVIII. 

I 

Experiments  Jhewing  the  Effect  of  Sulphur,  in - 
troduced  by  different  Methods , in  Mortar, 

f 

IN  my  fir  ft  trials  of  fulphur,  it  feemed  to  be 
ufeful  ; and  this  led  me  to  try  it  in  fo 
many  different  ways,  and  in  fo  many  mix- 
tures of  lime  and  finds,  and  of  thefe  with 
flint  powder  and  divers  other  fubftances,  as 
would  render  the  recital  of  all  my  obferva- 
tions  on  the  effefts  of  it  inconfiftent  with  the 
plan  of  this  eflay  : I muft  therefore  content 
myfelf  with  communicating  thofe  which  I 
think  moft  ufeful,  in  fuch  terms  as  may  give 
fome  intimation  of  the  manner  in  which  the 
experiments  were  made. 

When  the  livigated  powder  of  fulphur  was 
mixed  with  mortar  already  made  of  good  ma- 
terials and  did  not  exceed  one-thirty-fecond 
part  of  the  mals,  it  feemed  to  improve  it, 
in  the  firft  and  fecond  month,  and  fometimes 
during  a longer  time  of  comparifon  with 

mortar 
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mortar  made  of  all  the  fame  materials,  ex- 
cept fulphur,  in  fimilar  proportions  : But  in 
ten  or  twelve  months  the  fulphur  was  found 
injurious,  and  the  more  fo,  as  it  exceeded  the 
foregoing  proportion.  The  mofl  hurtful  ef- 
fect of  it  was,  its  difpofng  the  mortar  to  re- 
lent in  long  continued  rains,  and  grow  quite 
friable  after  a few  alternations  of  freezing  and 
thawing.  It  had  the  fame  e fie 61  in  mortar 
containing  feveral  of  the  ingredients  already 

named  and  of  thofe  hereafter  to  be  mentioned. 

« 

When  the  fulphur  was  mixed  with  frefh 
powdered  lime,  and  thefe  were  ground  brilk- 
lv  with  lime  water,  a calcareous  liver  of  ful- 
phur  was  formed,  proportionate  to  the  quan- 
tity of  fulphur  ufed  ; and  the  mortar  made 
with  this  mixture  and  land,  or  with  this  and 
find  and  other  ingredients,  was  worfe  than 
mortar  containing  an  equal  quantity  of  the 
fulphur  mixed  in  it  in  the  former  method. 

The  tranfparent  liquor  called  liquid  cal- 
careous liver  of  fulphur,  which  confifts  of 
iulphur  diflolved  in  water  by  the  inter- 
vention of  lime,  being  ufed  inftead  of 
water  in  making  mortar  with  find  and 
lime  in  any  proportions,  wTas  found  more  in- 
jurious 
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jurious  than  three  times  this  quantity  of  un- 
diffolved  fulphur  was,  in  the  firft-mentioned 
method  of  uiing  it : and  this  liquor  had  the 
like  effect  in  mixtures  of  mortar  with  divers 
other  ingredients.  Whence  I infer  that  ful- 
phureous  mineral  waters  ought  not  to  be  uled 
in  mortar. 

If  the  plan  of  thefe  experiments  had  not 
comprehended  the  noxious  as  well  as  the  ufe- 
ful  ingredients,  and  I had  not  refolved  to 
diftruft  every  theory,  I might  have  prog- 
nofticated  the  event  of  thefe  mixtures,  in 
confequence  of  my  certain  knowledge  of  the 
operation  of  fulphur  lime  and  air  on  each 
other. 

i » » 

When  fulphur  and  lime  are  moiftened 
with  water,  and  expofed  to  air,  the  acid  of 
fulphur  being  attracted  by  the  lime,  whilft 
the  phlogifton  of  the  fulphur  is  attracted  by 
the  air,  a decompofition  of  the  fulphur  takes 
place,  and  new  compounds  are  formed.  The 
acid  and  lime  gradually  form  felenite  or  gyp- 
fum,  whilft  the  air  combined  with  the  phlo- 
gifton is  wafted  away.  Therefore  lime,  by  fo 
much  of  it  as  is  thus  expended  in  forming 

gypfum. 


t '4J  ] 

gypfum,  is  not  only  unable  to  ad  as  a du- 
rable cement  of  the  grains  of  fand,  but  is 
capable,  according  to  the  experiments  of  the 
fixteenth  fedion,  of  counteracting  the  ce- 
menting powers  of  the  reliduary  part  of  it, 
when  the  mafs  of  fulphurated  cement  is  ex- 
poled  to  the  weather. 

The  pleating  warm  colour  which  fulphur 
induces  in  calcareous  ftucco,  whilft  it  is 
frefh,  and  the  promiling  appearances  of  fuch 
an  incruftation  in  the  fir  ft  year,  have,  if  I am 
rightly  informed,  already  milled  an  artift  to 
apply  it  freely  at  his  own  rifque.  I with  thefe 
obfervations  may  ferve  to  undeceive  him. 

About  this  time,  the  imitation  of  coloured 
ftones,  by  incruftations,  became  an  objed  of 
my  attention  ; and  fome  of  the  fubfequent 
experiments  xvere  made  with  a view  to  it,  as 
well  as  to  the  purpofes  already  exprefted. 
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SECTION  XIX. 

'Experiments  ficwing  the  Effects  cf  Crude  Anti- 
mony, Regains  of  Antimony,  Lead  Matt , 
Potted s Ore,  White  Lead,  Arfenic , Orpi- 
ment.  Martial  Pyrites  and  Jiaked  Mundic , in 
Mortar . 

CRUDE  antimony  reduced  to  an  impal- 
pable powder  and  then  ground  with 
the  lime  and  lime  water,  operated  in  mortar 
as  fulphur  does  when  it  is  ufed  in  the  fame 
manner  and  in  the  quantity  which  the  crude 
antimony  contains.  The  antimonial  powder 
moreover  induced  a difagreeable  blueifh  co- 
lour, which  in  a little  time  became  brown 
and  afterwards  yellowilh. 

When  the  powder  of  antimony  was  mixed 
in  the  mortar  after  it  was  made  it  was  Lefs 
injurious. 

Regulus  of  antimony  tried  in  the  fame 
\yay,  feemed  to  have  no  other  efFedt  than 

that 
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that  which  is  produced  by  the  admixture  of 
flint  powder  or  other  tine  powders  of  hard 
bodies. 

Powdered  lead  matt  and  potter’s  ore  of 
lead  added  like  crude  antimony,  but  more 
{lowly  and  weakly  in  equal  quantities  of 
them. 

White  lead  was  found  exceedingly  inju- 
rious, which  1 expended  ; for  I had  long  be- 
fore ditcovered  and  {hewn  in  my  public 
Courfes  of  Chymildry,  that  a great  part  of 
white  lead  is  acidulous  gas,  into  which  vine- 
gar is  eafily  convertible  in  the  procefs  for 
making  white  lead  and  in  many  others  ; and 
I forefaw  that  the  lime,  attracting  this  mat- 
ter, would  be  reduced  to  the  condition  of 
whiting  in  the  time  of  making  the  mixture 
and  that  the  mortar  would  conl'equently  be 
defective.  The  white  lead,  as  faft  as  its  aci- 
dulous gas  is  drawn  from  it  by  the  lime,  be- 
comes yellow  like  maflicot.  As  white  lead 
improves  the  oil  cements,  thefe  experiments 
Ihew  that  there  is  no  true  analogy  between 
the  calcareous  water  cements  and  thole 
which  are  called  oil  cements. 
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Arsenic  operated  in  mortar  like  the  neutral 
falts  ; and  orpiment  produced  the  injurious 
effe&s  experienced  of  lulphu'r  and  of  arfenic  ; 
which  effects  were  greatefl  when  the  orpi- 
ment was  ground  with  the  unflaked  lime  and 
lime  water.  Orpiment  imparted  a dark 
brown  colour  at  firfl,  which  foon  became 
yellow  and  afterwards  difappeared. 

The  martial  pyrites  called  mundic,  heated 
to  rednefs,  and  then  flaked  by  moiftening  it 
with  water  whilft  it  was  hot,  operated  like 
crude  antimony,  with  this  difference  only, 
that  a greater  quantity  of  it  was  required  to 
produce  the  fame  effect  ; for  this  reafon,  as  I 
conceive  it,  that  the  quantity  of  fulphur  iix 
martial  pyrites  is  lefs  than  in  crude  antimony, 
and  being  held  in  it  by  a more  forcible  at- 
traction, is  prevented  from  acting  fo  freely  on 
the  lime  of  the  mortar.  The  colour  induced 
by  the  flaked  mundic  was  at  firfl  blueifh  and 
afterwards  turned  to  that  of  iron  rufh 

The  mundic,  which  was  that  oflWiel-* 
Virgin  in  Cornwall,  ufed  in  its  native  flate, 
in  mortar,  kept  me  in  fufpence  upwards 
of  twelve  months.  It  was  tried  not  only  on 
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tiles,  but  in  large  incruftations  on  walls,  be- 
cauie  it  promiled  great  advantages  at  firfL 
When  the  quantity  of  it  did  not  exceed  one 
twenty-fourth  of  that  of  the  mortar,  it  rnani- 
feftly  increafed  the  induration  of  the  cement 
during  the  firft  nine  months ; but  after  fourteen 
or  fifteen  months  it  difpofedthe  incruflation  to 
relent,  the  more  as  it  was  oftener  wetted  or  as 
the  place  was  damp,  and  from  being  exceed- 
ingly hard,  to  become  penetrable  to  a pointed 
inftrument  pufhed  only  with  the  hand,  and 
as  brittle  as  chalkftone.  The  colour  and 
changes  of  colour  of  the  mortar  containing 
native  mundic,  arc  limilar  to  tliofe  produced 
by  the  flaked  mundic,  and  are  not  at  all  plea- 
ling  to  the  eye.  The  effects  of  much  l'maller 
quantities  of  this  matter  in  mortar  do  not  yet 
appear  lo  clearly ; but  there  is  no  reafon  to 
prefume  that  they  will  be  of  the  fame  kind, 
though  in  a fmaller  degree. 

These  and  the  preceding  experiments  in- 
dicate that  all  bodies  foluble  in  water,  not  ex- 
cepting arlenic,  and  all  thofe  which  are  capa- 
ble of  efflorefcing,  or  of  being  decompofed  by 
air  and  moiflure,  are  hurtful  in  mortar  ; and 
they  teach  us  to  avoid  thofe  kinds  of  gravel 

which 
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which  are  impregnated  with  pyritous  matter, 
whether  it  be  arfenical,  metallic,  aluminous, 
or  calcareous.  The  effects  of  regulus  of  an- 
timony, and  the  fpeedy  decay  of  the  cheaper 
metals,  however  perfectly  they  are  defulphu- 
rated,  give  flrong  grounds  for  prefuming  that 
calcareous  cements,  which  are  to  be  expofed 
fully  to  the  weather,  are  more  likely  to  be 
injured  than  improved  by  metallic  matter  in- 
troduced in  any  form. 
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SECTION  XX. 


Experiments  j hewing  ihe  Effects  of  Iron  Scales , 
wafted  Colcoihar , native  Red  Ochres , Yellow 
Ochres,  Umber , Powder  of  coloured  Fluor , 
coloured  Mica,  Smalt , and  other  coloured  Bo- 
dies, in  Mortar.  Advices  concerning  coloured 
Incrujlations , Inf de-Stucco,  and  damp  Walls, 

IRON  feales  from  a fmith’s  forge,  which 
confift  of  iron  femi-calcined,  and  are 
thought  by  many  artiffs  to  improve  mortar, 
were  tried  eighteen  months  ago,  bv  grinding 
them  to  a fine  powder,  and  mixing  this  in 
mortar,  to  half  the  quantity  of  the  lime,  and 
in  fmaller  proportions. 

The  larger  quantities,  in  the  courfe  of 
twelve  or  fourteen  months,  appeared  to  be 
hurtful  ; and  by  thefe  I judge  of  the  fmalleff, 
which  do  not  yet  appear  to  produce  any  re- 
markable effect  in  incruftations  made  in  dry 
lituations,  except  the  ruffy  colour  which 
they  induce.  But  in  tliofe  which  reached 

near 
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near  the  ground,  and  in  others  made  on  tiles 
which  were  laid  flat  on  the  ground  in  a fha- 
ded  damp  corner,  in  both  of  which  inftances 
the  incruffations  were  always  moift,  the  iron 
powder  feemed  to  render  the  cement  a little 
harder  than  it  could  otherwife  become  in 
the  fame  time  in  fuch  circumftances,  and  it 
certainly  made  it  clofer  in  the  grain. 

By  thefe  experiments  I am  inclined  to  think 
that  iron  powder,  which,  during  its  con- 
verfion  to  ruff,  imbibes  a great  deal  of  aci- 
dulous gas  and  air,  and  fwells  confiderably, 
may  be  ufed  with  fuccefs,  where  the  proper 
induration  of  good  mortar  is  prevented  by 
continual  moifture,  and  the  chief  purpofe 
of  the  cement  is,  to  exclude  water  perfectly, 
by  the  clofenefs  of  its  texture,  to  which  the 
fwelling  of  the  iron  contributes  not  a little. 
If  it  is  capable  of  producing  any  deflreable 
effects  in  cements  otherwife  circumftanced, 
thefe  are  to  be  expected  only  when  the  quan- 
tity of  it  does  not  exceed  one-eighth  of  that 
of  the  lime,  or  one-fiftieth  of  that  of  the 
mafs  of  mortar. 
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Washed  colcothar  of  iron,  native  red 
ochres,  yellow  ochres,  and  umber,  had  the 
efle&s  of  fmaller  quantities  of  terras,  or  of 
equal  quantities  of  flint- powder. 

Coloured  fluor  and  micaceous  ftones,  co- 
loured marble,  fmalt,  and  divers  other  co- 
loured fubftances,  which  are  inloluble  in  wa- 
ter, reduced  to  line  powder,  induced  their  re- 
fpedlive  tints  in  the  incruftations,  but  acted 
like  flint  powder. 

From  the  experienced  effects  of  coloured 
calces  of  iron,  and  of  divers  fulphurated  and 
perifhable  metallic  powders,  I learned  that 
thefe  ought  not  to  be  ufed  in  external  incruf- 
tations ; fince  they  render  them  more  defec- 
tive as  they  colour  them  deeply  ; and  I turned 
my  thoughts  to  the  difcovery  of  fome  other 
expedient  for  inducing  permanent  colour 
without  injuring  the  cement. 

I soon  found  that  this  may  be  done,  with 
regard  to  the  lighter  and  pleasanter  tints,  by 
the  ufe  of  coloured  fands,  or  the  coarfe  gritty 
forted  powder  of  hard  and  durable  coloured 
bodies.  Lynn  land  affords  a white  cement 

which 
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which  is  the  better,  as  more  of  the  thied: 
part  is  lifted  out  of  the  fand.  Thames  land 
makes  a grey  cement  not  unlike  Portland 
(tone,  and  this  colour  is  agreeably  varied 
by  the  ufe  of  grey  bone-afh,  of  which  we 
lhall  prefently  treat. 

A rich  yellow  tint  is  obtained  by  uling 
the  golden  yellow  fands,  of  which  kind  there 
is  one  near  Croydon  in  Surrey  ; and  a fmall 
quantity  of  this  fand  mixed  with  Lynn  land, 
gives  a warm  white,  and  with  Thames  land, 
an  exa£l  refemblance  of  the  Bath  hone. 
Thefe  are  the  moft  eligible  tints  for  the 
fronts  of  houfes. 

% 

Until  I had  tried  the  gliffening  fcaly 
talcs,  I imagined  they  would  l'erve  to  impart 
all  other  tints,  as  they  may  be  had  of  any 
colour,  and  are  as  durable  as  they  are  plea- 
ling  to  the  eye  : but  they  were  found  to 
weaken  the  adheiion  of  the  cement  to  the 
wall,  and  to  make  it  fo  rough  and  fhort,  that 
it  was  almoft  impoffible  to  form  a l'mooth 
compact  incruftation  with  it,  unlefs  the 
lime  were  ufed  in  exceffive  quantity  ; and  in 
the  courfe  of  eight  or  nine  months  it  ap- 
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peared  that  the  cements,  in  which  they  were 
mixed  in  the  quantity  neceffary  to  produce 
ftrong  tints,  were  rendered  fpongy,  and 
greatly  weakened  by  them. 

Scaly  gliftening  mica.  Id  re  wed  equably 
on  an  incruftation  previoufly  wetted  with  a 
thin  mixture  of  lime  water  and  lime,  and 
gently  comprefled  to  lay  the  fcales  flat,  im- 
parts its  colour  with  the  fulleft  effedh  In 
this  way  coloured  mica  may  be  ufed,  where 
it  is  cheap,  on  external  incrufrations,  if  the 
perfpedtive  appearance  of  a building  can  be 
improved  by  different  colours  of  any  members 
of  it;  and  this  kind  of  colouring  greatly  ex- 
cels painting,  in  the  fickle  weather  of  our  cli- 
mate, becaufe  it  lafts  unfaded,  as  long  as  the 
micaceous  cruft, 

To  tinge  a cement  fufficiently  for  prof- 
pedt  or  contraft,  of  any  colour  which  is  not 
found  in  fand,  fo  that  the  incruftation  Ihall 
not  be  impaired,  and  that  the  colour  fhall  be 
as  durable  as  the  cement;  I found  nothing 
more  advifeable  than  to  ufe,  in  the  place  of 
the  fand,  or  of  a part  of  it,  coloured  glaffes  or 
coloured  ftcnes  of  the  hardeft  kind,  beaten  to 
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coarfe  powder,  the  finer  parts  of  which  are 
to  he  wafhed  away,  not  merely  becaufe  they 
<are  injurious  to  the  cement,  but  becaufe  I 
have  obferved  that  they  contribute  very  little 
to  the  intended  colour. 

4 

The  drying,  induration,  and  texture  of  in- 
cruftations  made  on  brick  walls  and  other  ir- 
regular furfaces,  are  always  fo  far  unequal  as 
to  exhibit  vilible  traces,  which  deform  the 
work  and  cannot  be  effectually  obliterated  by 
any  known  method  fo  convenient  as  that  of 
covering  the  firft  coarfe  incruftation,  after  it 
has  dried,  with  another  coat  which  may  be 
made  finer  and  fmoother.  Thus  the  expence 
of  fine  grained  fmooth  or  coloured  ftucco  is 
rendered  moderate  ; becaufe  the  finer,  or  the 
colouring  materials,  may  be  relerved  for  the 
exterior  coat,  which  will  laft  for  ages,  if  the 
cement  be  good ; as  we  fhall  fhew,  when  we 
come  to  confider  the  experienced  duration  of 
thebefl  calcareous  cements. 

As  the  mouldings  and  paintings  which  are 
expended  on  the  foft  ftucco  now  ufed,  and 
which  contribute  fo  much  to  the  magnifi- 
cence of  our  apartments,  can  be  equalled,  in 
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their  ornamental  efFcdts,  by  the  double  in- 
durations  which  I have  defcribed,  and  great- 
ly exceeded  by  thefe  laft  in  the  hardnefs  and 
duration  of  them,  I do  not  doubt  that 
plaifterers  will  adopt  this  improved  method, 
when  they  find  that  it  is  confident  with  their 
own  filtered:,  as  well  as  with  that  of  their 
employers. 

I am  not  iufficiently  acquainted  with  their 
bufinefs  to  form  a juft  eftimate  of  this  fub- 
jefl ; but  I will  fubmit  to  their  coniideration 
a few  obfervations  which  would  influence  me 
very  much  in  the  choice  of  ftucco  for  a 
houfe  of  mine. 

The  compofitions  heretofore  ufed  for  ftuc- 
coing  within  doors,  are  incapable  of  harden- 
ing conliderably,  and  when  they  are  laid  on 
the  naked  walls,  foon  become  tarnifhed,  un- 
fightly,  and  inconvenient,  by  the  damps 
which  the  workmen  call  fweating,  and 
which  are,  in  my  opinion,  of  two  kinds ; 
one  I will  call  damp  by  tranlpiration,  the 
other  damp  by  condenfation.  The  damp  by 
tranlpiration  occurs,  when  the  principal  walls 
are  ftuccoed  before  they  have  dried,  or  when 

the 
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the  materials  of  them  are  fo  fpongyns  to  im- 
bibe the  rain,  and  the  circulation  of  air  with- 
in the  houfe  is  not  fufficient  to  waft  away  the 
inoifture  which  traniudes  from  the  wet  wall 
into  the  ftucco  ; and  efpecially  when  the  ex- 
halation of  this  moifture  from  the  ftucco,  is 
impeded  by  the  clofenefs  of  its  texture ; for 
all  iucli  bodies  retain  moifture  the  more  for- 
cibly, as  their  pores  are  fmaller,  and  as  the 
air  meets  more  difficulty  in  pervading  them. 
I fee  no  reafon  to  doubt  that  this  inconve- 
nience would  be  obviated  by  making  the  in- 
cruftation  of  a texture  fimilar  to  that  of  the 
materials  on  which  it  is  laid  ; and  that  the 
cement  made  with  about  feven  parts  of  land, 
one  of  lime,  and  the  lime  water,  and  im- 
proved, as  we  fhall  teach  hereafter,  by  the 
admixture  of  bone-affi,  would  continue  dry 
in  fuch  circumftances,  becaufe  moifture 
quickly  exhales  from  it,  by  reafon  of  its  tex- 
ture. 

The  damp  which  feizes  incruftations, 
when  the  walls  are  badly  conftrudted,  when 
the  joints  of  the  facing  bricks  become  hollow 
by  the  decay  of  the  mortar,  or  when  the  co- 
pings 
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pings  or  gutters  are  defective,  do  not  fall  un- 
der our  confederation. 

The  damp  by  condenfation  appears  moft  on 
the  fineft  and  clofeft  incruftations,  however 
perfedt  and  old  the  walls  may  be.  To  find  the 
proximate  caufe  of  it,  we  need  only  to  advert 
to  that  which  gathers  on  glafs  windows,  whilft 
the  wainfcoat  and  other  fpongy  bodies,  which 
ferve  to  inclofe  the  fame  rooms, remain  dry;  or 
to  the  moifture  which  gathers  on  walls  faced 
with  the  clol'er  kinds  of  ornamental  marble,  in 
fumptuous  buildings, at  the  fame  time  when  the 
walls  and  incruftations,  which  are  contiguous  to 
them,  and  are  of  a coarle  texture,  are  quite  dry. 
In  thefe  and  other  inftances  we  may  perceive, 
that  the  damp  is  owing  to  the  clofenefs  of  thefe 
bodies,  and  that  a ftucco  pervious  in  a certain 
degree  to  air  and  moifture,  will  be  free  from 
it,  as  well  as  from  the  other  lately  mentioned. 

The  plaifterers,  finding  their  ftucco, 
which  is  as  fine  and  clofe  as  they  can  make 
it,  liable  to  contract  thefe  damps,  efpecially 
on  the  principal  walls  of  houfes,  cafe  them 
with  lath-work,  on  which  the  incruftatioii 
is  Uid  diftant  from  the  wall.  In  this  way 

they 
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they  obviate  the  appearance  of  damp ; but 
they  at  the  fame  time  contract  the  rooms, 
and  narrow  pail  ages  and  ffaircafes  fenfibly, 
at  a great  expence.  This  is  enhanced  by  the 
repeated  plaiflering  neceffiary  to  fill  the  (lender 
cracks  which  disfigure  their  incruflation 
during  the  drying,  and  by  the  oiling  or  paint- 
ing which  is  finally  required  to  hide  this  de- 
fe<51  compleatly,  if  not  to  give  colour.  Thus 
the  work  becomes  coflly,  although  the 
plaiflerers  profit  is  moderate. 

On  thefe  confide  rations  I am  inclined  to 
the  opinion  that  it  will  be  found  as  advan- 
tageous to  the  plaiflerer,  as  to  his  employer, 
to  prefer  our  cement  before  any  other,  for 
internal  incruflations  ; efpecially  when  no 
other  colour  is  required,  befides  thofe  which 
may  be  imparted  by  coloured  fand,  or  mate- 
rials which  do  not  greatly  exceed  it  in  price. 
I would  not  interfere  with  the  workman,  in 
forming  an  exadl  comparative  eflimate  of  the 
expences,  if  I could  do  it ; but  I will  venture 
to  affirm  that  an  incruflation  made  as  I have 
delcribed,  or  in  the  improved  method  here- 
after to  be  (hewn,  will  be  found  ultimately 
cheaper  than  any  other  yet  difcovered,  for 
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the  following  reafons.  It  will  be  more  du- 
rable by  reaion  of  its  greater  hardnefs  ; it 
will  retain  its  colour  longer  unfaded,  becaufe 
the  colouring  materials  do  not  tarnifh  or 
perilh  like  paint  ; it  will  preferve  the  fharp- 
nefs  of  the  mouldings  and  the  elegance  of  its 
appearance  longer,  becaufe  it  will  not  require 
the  frequent  painting  which  foon  blunts  the 
figures  and  mouldings  of  ordinary  ftucco ; 
it  may  be  finifhed  with  lefs  labour,  becaufe 
it  is  not  apt  to  crack  in  thefe  circumftances, 
and  does  not  need  many  coats  and  repeated 
plaiftering ; and  as  it  is  not  likely  to  con- 
tract damp,  it  will  fave  all  the  expences  and 
inconveniences  of  lath-work,  whether  it  be 
laid  on  partitions  or  on  principal  walls,  pro- 
vided the  cement  applied  on  the  former  be 
not  made  of  the  finell  materials. 

If  a polifhed  and  white  furface  of  our  ftuc- 
co fhould  be  required,  it  ought  to  confift  of 
two  layers  : the  firll  of  which  is  to  be  coarfe 
and  capable  of  hardening  to  the  higheft  de- 
gree ; the  fecond  is  to  confift  of  flint  pow'- 
der  lime  and  lime  water,  and  is  to  laid  on  very 
thin,  and  finely  fmoothed.  To  give  a rich 
colour  together  with  a fmooth  furface,  to  our 
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bell  incruflation,  we  muft  ufe,  in  the  place 
of  flint  powder,  for  the  finifhing  coat,  th© 
coloured  powder  of  fands,  or  flones,  or  glafles; 
and  introduce  as  much  of  the  colouring  in- 
gredients ufed  in  painting,  as  will  be  fuffi- 
cient  to  give  the  required  appearance,  avoid- 
ing thofe  which  are  fpoiled  by  lime. 

To  my  eye,  the  warm  white,  or  coloured 
ftucco  which  is  not  quite  fmooth,  is  the  plea- 
fan  teft  : but  thofe  who  prefer  the  fmootheft, 
may  have  it  made  at  a moderate  expence,  in 
this  laft-mentioned  method,  in  which  the 
ufeful  and  folid  part  of  it,  contributes  to  the 
fupport  and  duration  of  the  weaker  orna- 
mental coat,  which  thus  circumftanced  is 
likely  to  preferve  its  beauty  for  a very  long 
time,  although  it  might,  in  the  weather, 
be  impaied  in  three  or  four  years. 
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SECTION  XXI. 

’Experiments  Jhewing  the  Effects  of common  Wood- 
ajhes , calcined  or  purer  JVood-aJhes , elixated 
Jljhes , Charcoal  Powder , Sea  Coal-afoes , 
powdered  Coali , /«  Mortar  ; Obfer- 
vations  on  their  integrant  Parts , and  the  Dif- 
ferences between  them  and  the  Powders  of  other 
Bodies . 

r I 5HE  afhes  of  wood  and  fea-coal  are 
JL  frequently  mixed  with  mortar,  or  ufed 
in  the  place  of  land,  in  laying  tiled  floors, 
and  even  in  external  incruftations.  Some 
workmen  fay  they  are  ufed  in  the  former 
cafe  to  lave  fand ; others  that  they  ferve  to 

‘ 9 V.  « 

refill  moifture  ; and  thofe  who  feem  to  be  the 
beft  informed  affirm,  that  they  h alien  the 
drying  and  induration,  and  prevent  the  crack- 
ing of  mortar  which  is  laid  very  thick  in 
order  to  fill  the  deprefiions  of  walls  which 
are  to  be  fluccoed  ; and  that  they  are  ufed  in 
finer  incruflations  with  the  foie  view  of  pre- 
venting cracks. 

7 The 
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The  a (lies  of  the  fame  kind  of  wood  dif- 
fer, according  to  the  circumftances  in  which 
they  are  formed,  even  upon  the  fame  hearth, 
not  only  in  colour,  but  in  other  particulars 
known  to  chemifts,  which  I fhall  attend  to 
prefently.  As  the  feparation  of  thefe  diffe- 
rent forts  of  afhes  is  not  practicable  at  a mo- 
derate expence,  and  never  is  attempted  by 
the  workmen,  I contented  myfelf,  at  firfb, 
with  procuring  the  afhes  of  cleft  pollards 
burned  on  a hearth,  and  with  lifting  the 
whole  quantity  of  them,  to  free  the  finer 
part  from  the  fragments  and  coarfe  powder 
of  charred  wood  which  formed  a great  part  of 
the  bulk  of  them.  The  fitted  afhes  were  grey 
inclining  to  brown,  ftrongly  alkaline  to  the 
tafte,  and  viewed  through  a convex  lens,  were 
found  to  contain  a confiderable  quantity  of 
fine  charcoal-powder,  which  I eftimated  at 
one  fixth  or  more  of  their  bulk* 

To  learn  the  effeCt  of  the  purer  afhes,  ot 
of  the  more  dephlogiflicated  earthy  and  fa-* 
line  parts  feparated  from  the  charcoal,  I took 
about  a gallon  of  the  lifted  allies,  and  burn- 
ed them  on  a teft  in  a reverberatory  furnace, 
with  a heat  not  exceeding  that  of  a culinary 
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fire,  taking  care  to  accelerate  the  combuftioil 
of  the  charcoal  powder  contained  in  them 
and  render  it  equable  thro’  the  whole  heap, 
by  dirring  it,  and  preferring  frefh  fur  faces  to 
the  air,  until  the  whole  was  rendered  incom- 
budible.  After  this  procefs,  the  powder, 
which  I (hall  call  calcined  wood  afhes,  was 
rather  brown  than  grev,  and  retained  its  fa- 
line  tafte-k 

On  trying  the  lifted  wood  allies  in  my  bed 
mortar,  and  mother  mixturesof  (and  and  lime, 
I found  that  they  gave  the  cement  a fpongy 
texture,  and  enabled  it  to  dry  without  crack- 
ing, when  the  lime  was  not  ufed  in  exceffive 
quantity  ; but  that  they  prevented  it  from 
acquiring  the  hardnefs  of  mortar  made  of 
lime  and  land  only  : lo  that  the  advantages 
which  they  promifed  to  afford  in  certain  cir- 
cumftances,  appeared  to  be  counterbalanced 
by  the  permanent  weaknefs  induced  by  them  ; 
which  latter  effedt  was  the  greater  as  the 
quantity  of  the  afhes  came  nearer  to  equal 
that  of  the  lime. 

The  calcined  wood  allies  likewife  prevent- 
ed the  mortar  from  cracking,  without  mak- 
ing it  fo  fpongy  : but  they  manifedly  im- 
peded 
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Reeled  the  induration  of  it,  and  difpofed  it  to 
be  injured  by  rain,  in  the  fame  manner  as 
fillall  quantities  of  alkali  were  found  to  do. 

On  a ffritft  companion,  the  calcined  wood 
aflies,  which  we  may  conlider  as  allies  freed 
from  charcoal  powder,  appeared  to  be  much 
more  injurious  than  the  micalcined.  This  I 
imputed  to  the  greater  quantity  of  alkali  in 
the  former,  which  is  hurtful  in  a double  ca- 
pacity ; find  as  a faline  body;  and  fecondly 
as  a compound  which  yields  its  acidulous  gas 
to  lime,  in  the  indant  of  mixture,  and  con- 
fequently  impairs  the  cement. 

Mortar  made  with  bad  lime  in  the  ufual 
proportions  may  neverthelefs  be  improved  by 
lifted  wood  alhes  ; for  the  coal  and  earthy 
part  of  thefe,  if  they  were  only  equivalent 
to  fo  much  fand,  render  it  lefs  liable  to 
crack  ; and  the  bad  effedts  of  the  alkali  may 
be  greatly  overbalanced  by  this  advantage,  in 
an  inciudation  which  is  required  to  be  ra- 
ther uniform  and  fecure  from  cracking,  than 
hard  and  durable  in  the  highed  degree. 
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I must  not  omit  this  opportunity  of  ob- 
ferving  that  calcined  wood  allies,  and  even 
the  fitted  frefh  wood  allies,  improve  plailfer 
of  Paris  in  hardnefs,  to  a very  great  degree, 
it  it  be  kept  in  a dry  place.  The  folution 
of  this  phenomenon  is  not  difficult. 

Any  perfon  who  intends  to  repeat  my  ex- 
perimentson  calcined  wood-alhes,  ought  to  take 
care  that  they  be  not  calcined  with  a {Wron- 
ger heat  than  I defcribed  ; for  if  he  exceeds 
this,  the  allies,  after  the  figns  of  their  com- 
bullion  have  ceafed,  will  fmoak  firongly,  a 
part  of  the  faline  matter  being  fublimed  in 
the  mean  time  ; and  the  remaining  earthy 
and  laline  portion  will  form  a light  grey  or 
brown  femivitrihed  gritty  powder,  or  will 
concrete  into  lumps.  This  matter  will  then 
be  found  inlipid  and  equivalent  to  fand,  in 
mortar,  as  I have  experienced  ; for  it  differs 
as  much  from  wood  allies,  as  the  powder  of 
potters-fione-ware  differs  from  the  raw  clay. 

Whilst  I was  employed  in  thefe  experi- 
ments, the  following  thoughts  occurred  to 
me.  The  allies  ufed  by  the  workmen,  being 
palled  through  a coarfe  fieve,  may  confill 
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for  the  greater  part,  of  charcoal,  which  af- 
terwards is  beaten  finer  in  making  the  mor- 
tar : The  afhes  ufed  by  builders  whofe  dura- 
ble works  authorized  this  practice,  might 
have  been  the  refufe  of  manufactories  of  pot- 
alh,  in  which  the  faline  matter  is  always 
carefully  extracted  from  them  ; and  charcoal 
powder  or  elixated  allies  may  greatly  improve 
mortar,  altho’  afhes  finely  lifted  and  replete 
with  falts  lhould  impair  it.  I therefore  boiled 
my  calcined  wood-allies  in  water,  and  repeated 
this  operation  twice  in  frelh  water;  knowing 
that  one  elixation  does  not  free  the  allies  per- 
fectly from  the  faline  matter : I then  dried 
the  inlipid  afhes  thoroughly,  and  ufed  them 
in  this  (late,  under  the  name  of  elixated 
wood-alhes.  At  the  fame  time  I provided 
charcoal  powder  fifted  thro’  the  fame  fieve 
which  I ufed  for  the  wood-allies. 

After  a great  number  of  experiments 
made  in  the  ufual  manner  with  the  elixated 
afhes,  I found  that  they  rendered  the  mor- 
tar fpongy,  difpofed  it  to  dry  and  harden 
quickly,  and  prevented  it  from  cracking, 
more  effectually  than  the  like  additional  quan- 
tity of  fand  would  do  it.  They  did  not  ap- 
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pear  to  induce  the  defeats  attending  fa  line 
bodies  in  mortar  ; they  only  made  it  weaker, 
as  the  quantity  of  the  elixated  afhes  was 
greater  relatively  to  that  of  the  land  or  lime. 
This  weaknefs,  however,  was  not  fuch  as 
the  unwafhed  allies  or  faline  bodies  produce, 
but  rather  of  the  kind  which  I pointed  out 
in  thofe  parts  of  the  foregoing  fedtions, 
wherein  I endeavoured  to  (hew,  that  cemen- 
tious  mafles  relift  edged  inftruments  or  any 
force  tending  to  break  them,  the  more  weak- 
ly, as  they  contain  more  of  the  fofter  and 
brittler  calcareous  matter,  or  as  fofter  grains 
are  fubftituted  for  a part  of  the  fand. 

In  every  comparifon  of  the  fpecimcns  con- 
taining unwafhed  wood-allies,  with  thofe  in 
which  the  elixated  allies  were  mixed  in  the 
fame  proportions,  it  clearly  appeared  that 
the  latter  are  to  be  preferred ; and  that  nei- 
ther of  them  ought  ever  to  exceed  half  the 
quantity  of  lime,  in  good  mortar. 

As  flint  powder  and  other  earthy  pow- 
ders were  found  to  difpofe  mortar  to  crack, 
I could  not  conceive  how  the  elixated  wood- 
allies  operated  fo  effectually  in  preventing 

this 
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tiiis  defecf,  until  I examined  them  attentive- 
ly, and  found  them  to  differ  from  the  other 
powders  in  two  particulars.  Elixated  wood- 
afhes  contain  very  little  powder  of  the  iinei 
kind  ; they  feel  gritty  between  the  fingers, 
and  appear  to  con  lift  of  ragged  fpongy  imall 
grains  comprellible  to  a couiiderable  degiee 
in  the  heap.  IIow  a powder  thus  condition- 
ed prevents  the  cracking  of  mortar  or  other- 
wife  improves  it,  I lhall  attempt  to  explain, 
after  dating  other  faffs  upon  which  my  no- 
tions of  this  iubjeCf  are  founded. 

Charcoal  powder  had  the  fame  effects  as 
elixated  wood-afhes,  with  theie  ditf'eienccs  on- 
ly, that  the  cements  containing  the  larger 
quantities  of  charcoal  powder  could  be  more 
eafily  cut,  and  were  of  a bluer  colour,  than 
thofe  containing  the  like  quantities  of  elixated 
wood  afhes.  The  powder  which  I ufed  was 
fifted  like  the  afhes  ; and,  viewed  through  a 
microfcope,  anfwered  to  the  defcription  lately 
given  of  elixated  afhes. 

The  fkreened  afhes  of  Newcaftle  coal  con- 
fiff  chiefly  of  charred  coal  or  coak,  and  as  they 
contain  very  little  faline  mattei,  aie  infipid. 
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When  I reduced  them  to  powder,  and  paf* 
fed  them  thro’  the  fieve,  they  anfwered  to 
the  defcription  given  of  elixated  wood  afhes, 
and  produced  nearly  the  fame  effects  in  mor- 
tar. They  did  not  weaken  it  fo  much  as 
charcoal  powder  had  done;  which  1 impute 
to  the  greater  hardnefs  of  the  fmall  grains 
of  ccak. 

In  all  thefe  companions,  it  is  to  be  under* 
flood  that  I made  them  at  the  fame  periods* 
of  the  induration  of  the  feveral  lpecimens. 

From  thefe  experiments  I conclude  that, 
where  a choice  can  be  made,  thefe  powders 
are  eligible  in  this  order  ; elixated  wood  afhes 
freed  from  the  fineft  powder  in  walking, 
firfl ; powdered  coak  or  lea  coal  cinders, 
next ; charcoal  powder  next ; rough  wood 
afhes  powdered,  laft  : But  well  burned  fine 
unwafhed  wood-afhes  ought  not  to  be  ufed  at 
all  in  external  cementious  work  or  incruftation. 

The  laft  of  thefe  gives  a di  fag  r ©Cable  grey 
or  dufky  colour  to  the  cement  ; and  the 
others,  a blueifh  or  fate  colour,  flill  more 
o'ffenfive  to  the  eye  ; for  which  reafon  they 
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are  unfit  for  any  work  that  is  not  hid  from 
the  view. 

As  my  reader  may  not  fully  underhand 
what  I briefly  mentioned  concerning  the 
fenfible  difference  between  thefe  Jafl  examin- 
ed powders,  and  others  noticed  in  the  pre- 
ceding fe&ions,  I will  thus  exemplify  my 
notions.  Wood  confifts  of  watery  and  vola- 
tile parts  which  are  expelled  by  heat,  and 
of  fixed  parts  which  conflitute  the  charcoal  : 
and  charred  wood,  which  greedily  imbibes 
air  or  water  in  great  quantity,  may  be  con- 
fidered  as  an  aflemblage  of  capillary  tubes  of 
divers  figures  and  fizes.  So  we  may  likewife 
confider  the  fragments  of  charcoal,  and  each 
vifible  grain  of  its  powder.  But  as  the  rncfl 
brittle  bodies  are  flexible  when  they  are  made 
fufficiently  thin,  the  charcoal  powder  is  an 
aflemblage  of  fmall  flexible  or  compreffible 
tubulated  bodies. 

As  the  charcoal  which  is  the  more  fixed 
and  folid  bafis  of  wood,  is  fpongy  after  the 
juices  are  expelled  in  charring ; fo  the  allies 
of  charred  wood  are,  after  the  elixation,  an 
aflemblage  of  fpongy  or  tubulated  grains  out 
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of  which  the  phlogifldc  matter  lias  e'fcaped  dur- 
ing the  combuftion  : and  the  texture  of  thefe 
grains  differs  from  that  of  the  grains  of  tine 
land  or  of  flint  powder,  in  the  lame  manner, 
it  not  in  the  lame  degree,  as  the  texture  of 
fponge  differs  from  that  of  a flint.  And  we 
may  conceive  the  unwalhed  wood  afhes,  as  a 
heap  of  {mall  fpongy  bodies  clogged  with  al- 
kaline fait. 

Upon  the  fame  grounds,  the  relation  of 
coak  or  lea- coal- cinders  to  the  raw  coal,  is 
analogous  to  that  which  charcoal  bears  to 
wood,  or  fpongv  pumice  ftone  to  porphyry  ; 
and  transferring  thefe  obfervations  to  bones, 
and  confidering  the  fmaller  veflcls  and  finer 
texture  of  them  than  of  wood,  we  ihall  find 
the  powder  of  charred  bones  to  confift  of  tu- 
bulated or  fpongy  bodies  like  thofe  of  char- 
coal powder,  but  pervious  by  llenderer  and 
harder  tubes;  and  bone-afh,  which. is  the 
gritty  powder  of  well  burnt  bones,  to  have 
the  fame  relation  to  the  charred  bones,  which 
elixated  wood-alhes  have  to  charcoal  powder, 

Thus  I have  thought  of  thefe  fubftances, 
after  having  obferved  what  happens  to  them 

in 
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in  the  preparation ; examined  them  by  a mb 
crofcope  ; experienced  their  effects  to  be  lb 
different  from  thofe  of  fined:  land,  or  pow- 
dered itones,  in  mortar  ; and  finally  dilcover- 
ed,  by  repeated  experiments,  the  detail  of 
which  is  not  now  neceJJary,  that  femivitri- 
flcation,  which  cjelfroys  the  fpongy  texture, 
and  levigation,  which  breaks  thefe  fpongy 
grains  down  to  the  particles  of  which  they 
are  conftrufted,  render  charcoal  powder, 
wood-afhes,  powdered  fea-coal-cinders,  and 
others  of  the  like  kind,  incapable  of  afling 
in  the  manner  defcribed,  in  calcareous  ce- 
ments, 

thefe  things  being  cqnddered,  I Im- 
pute the  effects  of  thefe  afhes,  or  powders, 
to  the  tubulated  ftructure  and  comprellibility 
of  the  integrant  parts  of  them  ; and  in  the 
next  feftion  I fliall  offer  all  that  I have  at- 
tempted further,  theoretically  or  praclicallv, 
relative  to  this  fubjeft. 
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SECTION  XXII. 

Experiments  Jhewing  the  Effehls  of  white  and 
grey  Bone  afhes , and  the  Powder  of  Charred 
Bones ; and  P henry  of  the  Agency  of  thefe  in 
the  bef  calcareous  Cements, 


IONG  before  I had  tried  all  the  powders 
J heretofore  mentioned,  I nfed  bone-alh 
in  many  experiments,  and  faw  the  effiefls  of 
it  in  mortar.  For  the  fake  of  brevity  and 
perfpicuity  I referved  the  relation  of  them 
for  this  fe&ion  : and  in  order  to  fhew  more 
clearly  the  analogy  in  texture,  between 
bone-afhes  and  the  powders  lately  men- 
tioned, and  to  fugged:  the  means  of  pro- 
curing them  in  any  part  of  this  country, 
I will  premife  a Iketch  of  the  mod:  pro- 
fitable procefifes  by  which  they  are  prepared, 
at  a moderate  price  not  much  exceeding  that 
of  good  ftone-limc. 

This 
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The  bones  collefted  in.  great  cities,  arc 
broken  to  fmall  fragments  in  a mill,  and  boil- 
ed in  water,  in  order  to  extricate  and  fave  the 
oil  of  them.  They  are  then  put  into  a large 
iron  ftill,  through  an  aperture  which  is  hop- 
ped up  clofcly  after  the  charge  is  made.  The 
ftill,  which  opens  into  an  apparatus  of  re- 
frigeratory veflels,  is  heated  gradually  to  red- 
ncls,  until  all  the  volatile  alkali,  commonly 
called  fpirit  and  fait  of  hartfhorn,  is  expelled 
from  them,  together  with  empyreumatic 
oil,  water,  and  certain  elaftic  invifible  fluids  : 
The  alkali,  being  the  only  valuable  article 
amongft  thefe,  is  retained  and  condenfed  in 
the  refrigeratory  tubes  and  veflels  with  all 
poflible  care,  whilfl  the  elaftic  fluids,  lefl 
they  fhould  burft  the  veflels,  are  buffered  to 
elcape  in  places  diflant  from  the  fire  or  the 
flame  of  candles,  becaufe  they  are  combufli- 
ble,  and  if  they  catch  Are  whilft  air  remains 
in  the  condeniing  veflels,  explode  like  gun- 

The  bones  thus  heated  without  being  ex- 
pofed  to  the  air,  are  charred  to  blacknefs, 

but  flill  remain  combuflible.  When  they 
are  required  in  this  flate,  the  iron  flill  is 
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kept  clofed  until  they  cool,  and  then  thg 
blackeft  of  them  are  ground  to  fine  powder, 
which  is  ufed  as  a fubftitute  for  ivory  black, 
which  is  prepared  in  the  fame  way  from 
ivory.  The  coarfer  powder  of  tliefe,  is  what 
I underflan d by  powder  of  charred  bones. 
But  when  this  is  not  the  manufacturer’s  de- 
fign,  the  door  of  the  iron  flill  is  opened 
whim  it  is  hot,  aild  the  charred  hones,  which 
flame  and  burn  when  tliey  meet  the  air,  are 
thrown  into  a kind  of  kiln,  at  the  bottom 
of  which  the  air  can  freely  enter,  and  main- 
tain the  combuflioil,  until  the  bones  are 
burned  to  whitenefs,  for  the  greater  part. 
The  white  fragments  are  picked,  and  rather 
bruifed,  than  ground,  to  a gritty  powder, 
by  a millftone  which  rolls  on  them  vertical- 
ly over  an  inclined  circular  plane.  This 
powder  pafl'ed  thro’  a fieve  is  called  bone- 
afhes,  which  are  much  ufed  in  metallurgy, 
and  fitter  for  our  purpofes  in  incruftations, 
than  the  powder  of  burned  bones  ground  as 
pigments  are.  The  fragments  which  have 
not  been  thoroughly  burned  in  the  kiln,  form 
a dark  grey  powder ; and  mixtures  of  the 
white  and  grey  burned  bones  afford  bone- 
afhes  of  the  lighter  grey  colours. 
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The  whole  quantity  of  bone-afhes,  which 
is  to  be  ufed  in  the  lame  incruflation,  ought 
to  be  well  mixed  ; for  it  is  impoffible  to  fort 
the  well  burned  or  the  grey  bones  fo  accu- 
rately as  to  fecure  an  unity  of  colour  in  the 
parcels  of  powder  which  are  fucceflively  pre- 
pared, and  a very  fin}.all  variation  of  colour 
will  be  leen  in  the  incruftation. 

Mr.  John  Oliver  of  Hoxton,  who  is  a ve- 
ry liberal  and  ingenious  artift,  prepares  bone- 
afhes,  judicioufly  adapted  to  the  purpofes 
which  I am  now  to  mention,  at  a very  low 
price,  as  well  as  the  coarfer  kind  which  is 
ufed  in  making  cupels  and  tefts  by  the  refin- 
ers. I (hall  diftinguifh  the  former  by  the 
name  of  lotted  bone-afhes  ; becaufe  they  are 
freed  from  the  fined:  and  the  coarfefi  parts  of 
the  latter. 

i^s  I knew  that  bone-afhes  confiil:  chiefly 
of  calcareous  earth,  and  may  be  reduced  to 
lime,  by  diffolving  them  in  acids,  precipitat- 
ing the  folution  by  alkalies,  walking  the  pre- 
cipitate perfectly  and  then  burning  it,  I tried 
them  with  fluid  in  different  ways,  in  order  to 
learn  how  far  they  referable  lime  in  their  ce- 
menting 
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meriting  properties ; and  found  that  the  forty 
cd  bone-allies  had  very  little  effedt  ; but  that 
compofitions  made  with  the  levigated  powder 
of  thefe  and  fand  and  water,  were  nearly  e- 
qual  in  hardnefs  to  thofe  made  with  whiting 
and  fand  kneaded  with  water  in  the  fame 
proportions,  and  were  not  fo  liable  to  crack. 
Hence  I inferred  that  bone-allies,  of  which 
five-lixths  are  calcareous  earth,  could  not  im- 
prove mortar  by  any  augmentation  of  the  ce- 
menting powers  of  the  lime,  although  they 
might  be  ufeful  in  other  refpedts,  and  that 
they  could  not  fupply  the  defect  of  lime  in 
quantity  or  quality. 

In  the  courfe  of  two  years  I made  fo  ma- 
ny experiments  with  bone-allies  mixed  in 
mortar  compofed  of  lime  land  and  lime  wa- 
ter, in  different  proportions,  and  of  thefe  with 
divers  other  ingredients,  that  I mav  venture 
to  fay  I attained  a thorough  knowledge  of 
their  effects,  and  need  not  helitate  to  relate 
them  in  the  dyle  of  precept. 

The  forted  bone-allies,  mixed  with  mortar 
in  any  quantity  not  exceeding  that  ot  the 
lime,  difpofe  the  cement  to  let  fpeedily  with- 
out 


[ l77  ] 

oiit  cracking ; and  effectually  fecure  it  from 
cracking,  if  it  does  not  contain  lime  in  fu- 
perfluous  quantity  : They  likewife  give  a 
texture  which  is  the  more  fpongy  as  the 
quantity  of  the  bone-adies  is  greater;  and 
they  accelerate  the  induration  of  it  through 
the  whole  mafs* 

T ...  ; ....  , f,r(. 

The  forted  bone-afhes  encreafe  the  plafli- 
citj^  of  frefh  mortar  which  is  made  with  the 
Jmaller  quantities  of  lime  in  order  to  fecure 
the  work  from  Mures  ; and  thus  they  are 
ufeful  in  a triple  view,  in  external  incruflati- 
ons  ; by  facilitating  the  operation  of  plaif- 
tering,  by  preventing  cracks,  and  by  bring- 
ing the  incruftation  quickly  to  a ftate  in 
which  it  is  not  eafily  injured  by  unexpe&ed 
rain. 

When  the  forted  bone- allies  exceed  the 
lime  in  quantity,  they  fenlibly  injure  the  ce- 
ment, by  rendering  it  weaker.  How  thefe 
allies,  which  are  not  equivalent  to  (and  in 
the  hardnefs  of  their  grains,  nor  to  lime  in 
their  cementing  powers,  operate  to  weaken 
the  cement,  may  eafily  be  conceived,  in  con- 

N fequence 
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fequcnte  of  the  obfervations  made  in  the 
ninth,  twelfth  and  thirteenth  fedions. 

When  the  forted  bone-afhes  are  mixed  in 
mortar  in  the  quantity  of  one-fourth  of  the 
lime,  they  improve  the  pladicity,  if  the 
mortar  be  fhort,  and  they  produce  the  defire- 
able  effeds  above  mentioned  in  a fenfible  de- 
gree, without  weakening  the  cement  in  the 
fame  proportion.  As  a fmaller  quantity  of 
them  feems  to  be  ufelefs,  and  a greater 
quantity  than  that  of  the  lime  injurious,  the 
following  rules  are  to  be  obferved. 

When  the  artifl  is  more  folicitous  to  fe- 
cure  an  incruftation  from  the  effeds  of  hot 
weather,  to  £ nifh  it  quickly,  to  hide  the  traces 
of  brick-work  which  are  apt  to  appear  thro* 
it,  and  to  guard  it  againft  rain,  than  to  make 
it  hard  and  durable  in  the  higheft  degree ; 
he  is  to  ufe  as  much  of  forted  bone-afhes  as 
of  lime : W^hen  the  feafon,  expofure,  and 
other  circumdances  permit  him  to  attend 
folely  to  the  true  excellence  and  duration  of 
his  work,  he  is  to  ufe,  in  our  bed  calcareous 
cement,  only  one  part  of  the  forted  bone- 
afhes  for  every  four  parts  of  lime.  By  thefe 

rules 
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rules  he  may  chufe  intermediate  quantities 
adapted  to  his  purpofes. 

The  coarfer  bone-afhes  ufed  in  making 
cupels  and  tefts,  do  not  go  fo  far,  fo  the 
workmen  exprefs  themfelves,  or  do  not  ope- 
rate fo  effectually,  as  the  forted  afhes,  in 
equal  quantities  of  them  by  weight ; and 
finer  or  levigated  bone-afhes  are  rather  inju- 
rious than  ufeful  in  the  coarfer  cements. 

The  black  powder  of  charred  bones,  and 
grey  bone-afhes  have  nearly  the  fame  effects 

as  forted  bone-afhes  have,  when  the  powder 
of  them  is  forted  in  the  fame  manner ; ex- 
cepting what  relates  to  colour. 

These  obfervations  on  bone-afhes  were 
made  before  the  expiration  of  1777,  on 
fpecimens  of  mortar  laid  on  tiles,  and  fmall 
pieces  of  incruftation  made  on  the  walls  of 
my  houfe  and  on  the  fence-walls  behind  it  : 
But  they  were  not  thoroughly  confirmed  un- 
til a comparifon  was  made  between  large  in- 
cruflations  laid  in  trying  afpeCts  and  con- 
taining bone-afhes,  with  thofe  made  clofe  by 
them  of  my  befl  mortar,  in  the  year  1778; 

N 2 when 
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when  I dilcovered  the  difficulty  exprefled 
in  the  fourteenth  fe&ion,  of  making  exten- 
live  incruftations,  in  certain  circumftances, 
fo  free  from  defecls,  as  the  fmaller  ones 
were  which  I had  made  at  home. 

In  this  lad  mentioned  year  I was  favoured 
by  Mr.  James  Wyatt  of  Queen-Ann-ftreet 
Cavendiffi-fquare,  the  celebrated  architect  of 
the  Pantheon,  and  by  his  brother  Samuel 
Wyatt  of  Berwick-ftreet,  who  is  a very  emi- 
nent builder,  with  the  heft  opportunities  of 
making  thele  companions  : for  they  ordered 
the  plaifterers  employed  under  them  to  ap- 
ply my  compofitions  in  a workman-like  man- 
ner, in  different  alpefls  and  in  large  quantity, 
and  thus  enabled  me  to  judge  truly  of  the 
merits  of  them. 

By  the  analogy  of  bone-affies  to  cinders 
or  afhes  of  other  bodies,  by  the  effedls  of 
them  in  my  experiments,  and  by  the  obfer- 
vations  which  I have  made  on  capital  houfes 
and  garden  walls  which  have  been  fronted 
or  entirely  ffuccoed  with  my  cement,  fome  in 
the  months  of  (Xdober  November  and  De- 
cember in  the  year  1778,  others  in  the 

Spring, 
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Spring,  the  hotteffc  weather,  and  the  Au- 
tun^n  of  1779;  I have  been  led  into  the 
following  opinions  concerning  the  agency  of 
bone-afhes  in  calcareous  cements. 

The  mortar  which  contains  bone-afhes, 
partakes  in  fome  degree  of  the  compreflibi- 
lity  and  fponginefs  of  their  grains,  and  is 
the  lefs  liable  to  crack  in  fetting,  for  the  fame 
reafon  that  fponginefs  is,  in  any  other  body, 
an  effectual  preventative  of  flffures  in  drying  ; 
or  becaufe,  any  contraction  of  the  lime  pafte, 
in  confequcnce  of  the  exhalation  of  its  wa- 
ter, is  confined  to  the  circuit  of  the  fpongy 
grains  comprefled  in  beating  trowelling  and 
floating  the  cement,  and  is  thereby  prevent- 
ed from  running  longitudinally  to  form  fif- 
fures.  The  fame  texture  of  bone-afhes  con- 

• f 

tributes  to  this  effect,  or  caufes  it,  upon  other 
principles  which  are  lefs  exceptionable. 
There  is  no  reafon  to  doubt  that  bone-afhes, 
whofe  grains  are  tubulated  in  all  poffible  di- 
rections, which  greedily  ipabjbe  water  and 
emit  air,  and  which  render  the  mortar  in 
which  they  are  mixed  manifeftly  bibulous, 
facilitate  the  entry  of  acidulous  gas  into  the 
cement ; and  that  this  matter  entering  as  faff 
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as  the  water  exhales,  occupies  the  place  of 
the  water  in  the  cement,  and  by  preventing 
the  contraction  of  it,  prevents  Mures.  The 
fpeedy  induration  of  the  cement,  which  im- 
plies a quick  or  copious  acceflion  of  aciduT 
lous  gas,  according  to  our  experience,  is  a 
proof  of  this  agency  of  bqne-afhes,  as  well 
as  an  effeCt  deducible  from  their  texture  : 
and  from  thefe  premifes  we  may  ealily  con- 
ceive how  they  accelerate  the  fetting  of  cal- 
careous incruftations,  and  tend  to  fecure  them 
from  the  injuries  of  variable  weather. 

These  properties  of  bone-afhes  render 
them  peculiarly  ufeful  in  incruftations  made 
within  doors  on  principal  walls;  and  the  ad- 
mixture of  them  in  half  the  quantity  of  the 
lime,  or  in  a greater  quantity,  is  the  improve- 
ment which  I pointed  out  in  the  twentieth 
fedtion,  whereby  the  damp,  which  disfigures 
the  common  incruftations  made  in  the  cir- 
cumftances  there  deferibed,  may  be  obviated, 
without  our  incurring  the  expence  of  lath- 
work. 

Those  who  know  that  one-fixth  part  of 
charred  bones,  or  about  one-tenth  part  of 

well 
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well  burned  bones,  is  phofphoric  acid,  may 
have  fome  doubt  concerning  the  duration  of 
a cement  in  which  they  are  mixed  in  large 
quantity,  unlefs  they  confider  that  the 
ftrength  of  the  cement  does  not  depend  on 
them,  and  that  it  is  impoffible  for  the  phof- 
phoric acid  to  quit  the  lime  of  bone-affies,  in 
order  to  diftolve  the  fatu  rated  lime  of  the 
cement,  Tho’  the  bone-affies  fhould  perifh  in 
a century,  which  is  not  probable,  the  ce- 
ment is  not  likely  to  fail  on  this  account, 
provided  the  quantity  of  them  is  not  excel- 
hve. 

Thus  I furmounted  the  difficulties  menti- 
oned in  the  fourteenth  fedlion,  and  made  my 
beft  calcareous  cement  applicable  in  all  ce- 
mentitious and  cruftaceous  works  external  or 
internal,  without  inducing  in  it  any  difagree- 
able  colour  or  other  imperfedlion. 
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SECTION  XXIIT. 

* . ...  t 

The  Specification  made  in  Confequence  of  Letters 
Patent , ilhfi rated  with  Notes . 

IN  order  to  guard  againft  abufes,  and  to 
make  fome  compenfation  for  the  expences 

and  rifques  of  the  artids  who  publicly  and 
boldly  executed,  on  the  great  fcale,  what  I 
had  defigned  ; I fe  cured  an  excluhve  right  in 
my  cement,  by  virtue  of  his  majefty’s  let- 
ters patent,  on  the  eighth  of  January  1779  : 
I authorized  Mr.  James  Wyatt  the  architect 
of  Queen- Ann-ftreet  Cavendidi-Square,  to 
ufe  it  in  the  fulled:  extent,  knowing  that  he, 
by  his  knowledge  of  this  fubjeCt  and  his 
diftinguidaed  tafle  in  architecture,  will  unite 
in  it  all  the  advantages  of  duration  and  ele- 

uel 

i 

ho, 

— V # ‘ 

who  is  well  inftruCted,  and  provided  with 
the  means  of  executing  any  work  with  this 
cement,  in  the  highed:  perfection  : And  l 
intend  to  referve  this  priviledge  to  them,  un- 
til 


gance : I likewife  extended  this  right  to  Sam 
Wyatt  the  builder  in  Berwick-ftreet  So' 
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til  the  public  convenience  requires  that  it 
Ihould  be  extended  to  others,  who  are  capa- 
ble of  making  the  fame  difpofitions  for  the 
benefit  of  their  employers,  and  for  preferring 
the  reputation  of  my  invention  free  from  the 
ufual  exactions  of  monopolies  and  the  abufes 
of  unc]er-jobbers. 

As  the  fpecification  of  thefe  letters  pa- 
tent comprehends  the  molt  ufeful  practical 
inftruftions  deduced  from  the  foregoing  ex- 
periments and  obfervations,  and  may  ferve 
as  a concife  recapitulation,  I fubjoin  a tranf- 
cript  of  it. 

• SPECIFIC  ATI  ON. 

To  all  to  whom  thefe  prefents  (hall  come  &c. 

“ Now  know  ye  that  in  compliance  with 
“ the  laid  provifoe,  1 the  faid  B.  H.  dp  here- 
“ by  declare  that  my  invention  of  a water 
“ cement  or  ftucco,  for  building  repairing  and 
plaftering  walls,  and  for  other  purpoles,  is 
“ defcribed  in  the  manner  following  (that  is 
“ to  fay)  drift  land,  or  quarry1  fand,  which 

* This  is  commonly  called  pit-fand. 

<c  confilfs 
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44  confifts  chiefly  of  hard  quartofe  flat  faced1 
44  grains  with  fharp  angles  ; which  is  the 
44  freeft,  or  may  be  moft  eafily  freed  by 
*4  walhjtng,  from  clay,  falts,  and  calcareous 
44  gypsous  or  other  grains  lefs  hard  and 
44  durable  than  quartz  ; which  contains  the 
44  fmalleft  quantity  of  pyrites  or  heavy  me- 
44  tallic  matter  infeparable  by  wafhing  ; and 
44  which  fuffers  the  fmallefl:  diminution  of 
44  its  bulk  in  wafhing  iii  the  following 
44  manner,  is  to  be  preferred  before  any 
44  other3.  And  where  a coarfe  and  a fin® 
4,4  fand  of  this  kind,  and  correfponding  in 
44  the  fize  of  their  grains  with  the  coarfe 

and  fine  fiends  hereafter  delcribed,  cannot 
44  be  eafily  procured,  let  fuch  fand  of  the 
44  foregoing  quality  be  chofen,  as  may  be 
44  forted  and  cleanfed  in  the  following 

44  manner. 

> > • 

44  Let  the  fand  be  fifted  in  ft  reaming 
44  clear  water,  through  a lieve  which  (hall 
i4  give  paflage  to  all  fuch  grains  as  do  not 

J The  twelfth  fe&ion  treats  of  this. 

3 THEreafons  of  this  preference  are  given  in  the  fifteenth, 
fifteenth,  nineteenth,  and  twentieth  feftions. 

u 
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exceed  one  fixteenth  of  an  inch  in  diar 
44  meter ; and  let  the  flream  of  water  and 
44  the  lifting  be  regulated  fo  that  all  the  fand 
• ‘ which  is  much  finer  than  the  Lynn-fand 
44  commonly  ufed  in  the  London  glafs-houfes, 
44  together  with  clay  and  every  other  matter 
44  fpecifically  lighter  than  fand, may  be  walhed4 
44  away  with  the  ftream,  whillt  the  purer  and 
46  coarfer  fand,  which  paffes  thro’  the  fieve, 
44  fublides  in  a convenient  receptacle,  and 
*4  whilft  the  coarfe  rubbilh  and  Ihingle5  re- 
44  main  on  the  lieve,  to  be  rejected. 

t i 

44  Let  the  fand  which  thus  fubfides  in 
44  the  receptacle,  be  walhed  in  dean  flream- 
“ ing  water,  through  a liner  lieve,  fo  as  to 
44  be  further  cleanled  and  forted  into  two 

i 

44  parcels  ; a coarfer,  which  will  remain  in 
44  the  lieve  which  is  to  gice  palfage  to  fuch 
44  grains  of  fand  only  as  are  lefs  than  one 
44  thirtieth  of  an  inch  in  diameter,  and 
44  which  is  to  be  faved  apart  under  the  name 


4 The  grounds  of  this  treatment  appear  in  the  twelfth  arj 
thirteenth  feftion. 

5 I find  that  I have  ufed  this  word  improperly,  on  bad  antho- 
thority.  The  reader  is  requeued  to  read  rubble  inftcadof  ihingle 
throughout  this  l'pecificaticm. 

of 
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**  of  coarie  fand  ; and  a finer,  which  will 
“ pafs  through  the  fieve  and  fubfide  in  the 
“ water,  and  which  is  to  be  faved  apart 

“ under  the  name  of  fine  fand. — I t the 

“ coarfe  and  the  fine  fand  be  dried  fepar 

“ rately,  either  in  the  fun,  or  on  a.  clean  iron 

“ plate  fet  on  a convenient  furnace,  in  the 
manner  of  a fand  heat 6. 

“ Let  lime  be  chofen7  which  is  ffqne  }ime, 
“ which  heats  the  moft  in  flaking,  and  flakes 

“ the 

* The  fand  ought  to  be  flirred  up  continually  until  it  is  dried, 
and  is  then  to  be  taken  off;  for  otherwile  the  evaporation  will 
be  very  flow,  and  the  fand  which  lies  next  the  iron  plate,  by 
being  overheated,  will  be  difcoloured. 

7 The  grounds  of  the  inflrudticns  comprized  in  this  para- 
graph, appear  in  the  fecond,  fourth,  fifth  and  eleventh 
fedlions.  The  preference  given  to  Hone  lime  is  founded  on  the 
prefent  pradtice  in  the  burning  of  lime,  and  on  the  clofer  texture 
of  it,  which  prevents  it  from  being  fo  foon  injured  by  expofur? 
to  the  air,  as  the  more  fpongy  chalk  lime  is ; not  on  the  po- 
pular notion  that  Hone  lime  has  fomething  in  it  whereby  it  ex- 
cels the  beft  chalk  in  the  cementing  properties.  The  real  dif- 
ference between  thefe  will  be  flrewen  in  the  next  fedlion. 

The  gypfum  contained  in  lime  Hone  remains  unaltered  or  very 
little  altered  in  the  lime,  after  the  burning;  but  it  is  not  to  be 
expedted  that  clay  or  martial  matter  fhould  be  found  in  their 
native  flate,  in  well  burned  lime  ; for  they  concrete  or  vitrifie 
with  a part  of  the  calcareous  earth,  and  conflitute  the  hard 

grains 
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64  the  quickeft  when  duly  watered  ; which 
46  is  the  frelheft  made  and  clofeft  kept'; 
44  which  diflolves  in  diftilled  vinegar  with 
44  the  lead:  effervefcence,  and  leaves  the 

4 4 fmalleft  refldue  infoluble,  and  in  this  re- 
44  lidue  the  lmalleft  quantity  of  clay  gypfurri 
44  or  martial  matter. 

- • • 1 ; i 

44  Let  the  lime  cholen  according  to  theft 
44  important  rules,  be  put  in  a brafs- wired 
44  fieve  to  the  quantity  of  fourteen  pounds. 

44  Let  the  lieve  be  liner  than  either  of  the 

• / . 

44  foregoing  ; the  finer,  the  better  it  will  be  : 
44  Let  the  lime’  be  flaked8  by  plunging  it  in 

44  a butt 

grains  or  lumps,  which  remain  undiflblved  in  weak  acids,  or 
are  feperable  from  the  ilaked  lime  by  lifting  it  immediately 
through  a lieve. 

* This  method  of  impregnating  the  water  with  lime  is  not 
the  only  one  which  may  be  adopted.  It  is  however  preferred 
before  others,  becaufe  the  water  clears  the  fooner  in  con- 
fequence  of  its  being  warmed  by  the  flaking  lime,  and  the 
gypfeous  part  of  the  lime  does  not  diffufe  itlelf  in  the  water  fo 
freely  in  this  way,  as  it  does  when  the  lime  is  Ilaked  to  tine 
powder  in  the  common  method  and  is  then  blended  with  the 
water  ; for  the  gypfeous  part  of  the  lime  flakes,  at  firft,  into 
grains,  rather  than  into  line  powder,  and  will  remain  on  the 
lieve,  after  the  pure  lime  has  palled  through,  long  enough  to  admit 
of  the  intended  reparation  ; but  when  the  lime  is  othervvife  flaked^ 
the  gypfeous  grains  have  time  to  flake  to  a fi-ser  powder,  and 

palling 
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a butt  filled  with  foft  water  and  railing  it 
44  out  quickly  and  fuffering  it  to  heat  and 
44  fume,  and  by  repeating  this  plunging  and 
44  railing  alternately  and  agitating  the  lime, 
44  until  it  be  made  to  pafs  through  the  fieve 
44  into  the  water  ; and  let  the  part  of  the 
44  lime  which  does  not  eafily  pafs  through  the 
44  fieve  be  rejected  : and  let  frelh  portions  of 
44  the  lime  be  thus  ufed,  until  as  many* 
44  ounces  of  lime  have  paffed  through  the 
44  fieve,  as  there  are  quarts  of  water  in  the  butt. 
44  Let  the  water  thus  impregnated  hand  in  the 
44  butt  clofely  covered 10  until  it  becomes  clear; 
44  and  through  wooden”  cocks  placed  at  dif- 
44  ferent  heights  in  the  butt,  let  the  clear  liquor 


palling  through  the  fieve,  diftolve  in  the  water  along  with  the 
lime.  I have  imagined  that  other  advantages  attended  this 
method  of  preparing  the  lime  water,  but  I cannot  yet  fpeak  of 
them  with  precifion. 

* If  the  water  contains  no  more  acidulous  gas  than  is  ufually 
found  in  river  or  rain  water,  a fourth  part  of  this  quantity  ol 
lime,  or  lefs,  will  be  fulhcient. 

10  The  caloareous  cruft  which  forms  on  the  furface  of  the 
water  ought  not  to  be  broke,  for  it  affifts  in  excluding  the  air 
and  preventing  the  abforption  of  acidulous  gas  whereby  the  lime 
water  is  fpoiled. 

11  Brafs  cocks  are  apt  to  colour  a part  of  the  liquor. 


44  be 
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“ be  drawn  off  as  faff1*  and  as  low  as  the 
44  lime  fubfides,  forufe.  This  clear  liquor  I 
44  call  the  cementing  liquor ,J.  The  freer  the 
44  water  is  from  l'aline  matter,  the  better  will 
44  be  the  cementing  liquor  made  with  it. 

44  Let  fifty-flx  pounds  of  the  aforefaid 
44  chofen  lime  be  flaked,  by  gradually  fprinkl- 
44  ing  on  it,  and  efpecially  on  the  unflaked 
44  pieces,  the  cementing  liquor,  in  aclofe,+ 
44  clean  place.  Let  the  flaked  part  be  im- 

46  mediately 

**  Lime  water  cannot  be  kept  many  days  unimpaired,  in 
any  veflels  that  are  not  perfectly  air-light.  If  the  liquor  be 
drawn  oft'  before  it  clears,  it  will  contain  whiting,  which  is  in- 
jurious ; and  if  it  be  not  inftantly  ufed,  after  it  is  drawn  limpid 
from  the  butt  into  open  veflels,  it  will  grow  turbid  again,  and 
depoflte  the  lime  changed  to  whiting  by  the  gas  abforbed  from 
the  air.  The  calcareous  matter  which  fubfldes  in  the  butt, 
refembles  whiting  the  more  nearly,  as  the  lime  has  been  more 
fparingly  employed  ; in  the  contrary  circumftances,  it  approaches 
to  the  nature  of  lime ; and  in  the  intermediate  ftate,  it  is  fit 
for  the  common  compofition  of  the  plaifierers  for  infide  ftucco. 

13  At  the  time  of  writing  this  fpecification  I preferred 
this  term  before  that  of  lime-water,  on  grounds  which  I had 
not  fufficiently  examined. 

The  vapour  which  arifes  in  the  flaking  of  the  lime  con- 
tributes greatly  to  the  flaking  of  thefe  pieces  which  lie  in  its 
way  ; and  an  unneceflary  wafle  of  the  liquor  is  prevented,  by 
applying  it  to  the  lime  heaped  in  a pit  or  in  a veflel  which  may 

reflrain 
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66  mediately  ,s  fifted  through  the  laft  men- 
“ tioned  fine  brafs- wired  fieve  : Let  the  lime 
“ which  pafles  be  ufed  inflantly  or  kept  in 
“ air-tight  veflels,  and  let  the  part  of  the  lime 
which  does  not  pals  through  the  fieve,  be 
rejected  ,6. — This  finer  richer  part  of  the 
44  lime  which  pafles  through  the  fieve,  I call 
46  purified  lime. 

44  Let  bone-afh  be  prepared  17  in  the  ufual 
44  manner  by  grinding  the  whitefl:  burnt 
44  bones,  but  let  it  be  fifted  to  be  much  finer 

reftrain  the  iflue  of  the  vapour,  and  direct  it  through  the  mafs. 
If  more  of  the  liquor  be  ufed  than  is  neceflary  to  Hake  the 
lime,  it  will  create  error  in  weighing  the  flaked  powder,  and 
will  prevent  a part  of  it  from  palling  freely  through  the  fieve. 
The  liquid  is  therefore  to  be  ufed  fparingly,  and  the  lime  which 
has  efcaped  its  aeftion  is  to  be  fprinkled  apart  with  frelh  liquor. 

15  When  the  aggregation  of  the  lumps  of  lime  is  thus 
broken,  it  is  impared  much  foouer  than  it  is  in  the  former  Hate, 
becaufe  the  air  more  freely  pervades  it.  This  is  llietvn  in  the 
fifth  feftion. 

16  Because  it  confifts  of  heterogeneous  matter,  or  of  ill 
burnt  lime ; which  laft  will  flake  and  pafs  through  the  fieve, 
if  the  lime  be  not  immediately  fifted  after  the  flaking,  agreea* 
ble  to  the  text.  The  reafon  of  this  may  be  drawn  from  the 
fourth  fe&ion. 

This  art  is  taught  in  the  twenty  fecond  fection. 


44  than 
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than  the  bone-afh  commonly  fold  for 
“ making  cupels. 


44  The  mod  eligible  materials  for  making 
44  my  cement  being  thus  prepared  : . Take 
44  fifty- fix  pounds  of  the  coarfe  fand  and 
44  forty- two  pounds  of  the  fine  fand;  mix 
“ them  oh  a large  plank  of  hard  wood 
44  placed  horizontally ; then  fpread  the  fand 
“ lo  that  it  may  hand  to  the  height  of  fix 
44  inches  with  a flat  furface  on  the  plank  5 
“ wet  it  with  the  cementing  liquor ; and  let 
44  any  lliperfluous  18  quantity  of  the  liquor* 
44  which  the  fand  in  the  condition  defcribed 
44  cannot  retain*  flow  away  off  the  plank. 
“ To  the  wetted  fand  add  fourteen  pounds 
44  of  the  purified  lime  in  feveral  fucceffive 
44  portions,  mixing  and  beating  them  up  toge- 
“ ther  in  the  mean  time  with  the  inftruments 
44  generally  ufed  in  making  fine  mortar  : 
“ then  add  fourteen  pounds  of  the  bone-afh 
64  in  fucceffive  portions,  mixing  and  beating 
44  all  together.  The  quicker  and  the  more 
u perfectly  thefe  materials  are  mixed  and 
44  beaten  together,  and  the  fooner  the  ce- 


11  The  grounds  of  this  pra&ice  are  fhewn  in  the  twelfth  fee* 
tion< 
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“ merit  thus  formed  is  ufed,  the  better  it 
44  will  he.  This  I call  the  water  cement 
44  coarfe  grained,  which  is  to  be  applied  in 
46  building,  pointing,  plaiflering,  fluccoing, 
44  or  other  work,  as  mortar  and  flucco  now 
44  are  ; with  this  difference  chiefly,  that  as 
44  this  cement  is  fhorter  than  mortar  or  com- 
44  mou  flucco  and  dries  fooner,  it  ought  to 
44  be  worked  expeditioufly  in  all  cafes,  and 
44  in  fluccoing  it  ought  to  be  laid  on  by  flid- 
*4  ing  the  trowel  upwards  on  it  ; that  the 
44  materials  ufed  along  with  this  cement 
44  in  building,  or  the  ground  on  which  it  is 
44  to  be  laid  in  fluccoing,  ought  to  be  well 
44  wetted  a°  with  the  cementing  liquor,  in 

'*  These  proportions  are  intended  for  a cement  made  with  - 
fliarp  land,  for  incruftation  in  expofed  fituations,  where  it  is 
neceftary  to  guard  againft  the  effects  of  hot  weather  and  rain. 
In  general  half  this  quantity  of  bone-afhes  will  he  found  fuf- 
ficient  ; and  altho  the  incruftation  in  this  latter  cafe  will  not 
harden  deeply  fo  foon,  it  will  be  ultimately  ftronger  provided 
the  weather  be  favourable. 

Tiie  injuries  which  lime  and  mortar  fuftain,  by  expofure 
to  the  air,  before  the  cement  is  finally  placed  in  a quiefeenc 
flare,  appear  in  many  parts  of  the  foregoing  pages  ; and  there- 
fore our  cement  is  the  worfe  for  being  long  beaten,  but  the  bet- 
ter as  it  is  quickly  beaten  untill  the  mixture  is  effected,  and  no 
lttnger. 

10  See  fe&ion  vii.  and  page  75. 

“ the 
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tl  the  inftaht  of  laying  on  the  cement  > tltid 
64  that  the  cementing  liquor  is  to  be  ufed  when 
“ it  is  neceflary  to  moiften  the  cement,  or 
64  when  a liquid  is  required  to  facilitate  the 
64  floating  of  the  cement. 

44  When  fuch  cement  is  required  to  be 
44  of  a finer  texture  ; take  ninety-eight  pounds 
44  of  the  fine  fand,  wet  it  with  the  cementing 
44  liquor  and  mix  it  with  the  purified  lime 
44  and  the  bone-afh  in  the  quantities  and  in 
44  the  manner  above  defcribed,  with  this 
44  difference  only,  that  fifteen  pounds  of 
44  lime,  or*'  thereabouts,  are  to  be  ufed  inftead 
44  of  fourteen  pounds,  if  the  greater  part  of 
44  the  fand  be  as  fine  as  Lynn  fand.  This  I 
44  call  water  cement  fine  grained.  It  is  to 
44  be  ufed  in  giving  the  lafl:  coating  or  the  fi- 
44  nifh  to  any  work  intended  to  imitate  the 
44  finer  grained  {tones  or  ftucco.  But  it  may 
44  be  applied  to  all  the  ules  of  the  water  ce- 
44  ment  coarfe  grained,  and  in  the  fame 
44  manner* 

11  See  fe&ion  xiii.  The  quantity  of  bone  afltes  is  not  te 
be  increafed  with  that  of  the  lime,  tor  the  reafon  given  in  page 
176  ; but  it  is  to  be  leilened  as  the  expofure  and  purpofes  of 
the  work  will  admit.  See  fe<ftion  xxii. 

O 2 
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cs  When  for  any  of  the  foregoing  pur- 
44  pofes  of  pointing,  building,  &c.  l'uch  a 
“ cement  is  required  much  cheaper  and 
44  coarfer  grained,  then,  much  coarfer  clean 
44  land  than  the  foregoing  coarfefand,  or  well 
44  wafhed.  fine  “ fhingle  is  to  be  provided. 
44  Of  this  coarfeft  land  or  fhingle  M take  fif- 
44  ty-fix  pounds,  of  the  foregoing  coarfe  fand 
44  twenty-eight  pounds  and  of  the  fine  fand 
44  fourteen  pounds  ; and  after  mixing  thefe 
44  and  wetting  them  with  the  cementing  li- 
44  quor  in  the  foregoing  manner,  add  14 
44  pounds,  or  fomewhat  lefs,  of  the**  puri- 
44  fed  lime,  and  then  fourteen  pounds  or 
44  fomewhat  lefs  of  the  bone-afh,  mixing 
44  them  together  in  the  manner  already  de- 
44  fori  bed.  When  mv  cement  is  required 
4t.  to  be  white,  white  land,  white  lime,  and 

f t • , 

44  the  whitefl  bone-afh  are  to  be  chofen. 
*4  Grey  fand  and  grey  bone-afh  formed  of 
44  half  burnt  bones,  are  to  be  chofen  to  make 
44  the  cement  grey;  and  any  other  24  colour 


- Rubble. 

z}  Because  lets  time  is  neceilary  as  the  fand  is  coarfer. 
Section  xii.  and  xiii. 

The  outlines  of  thefe  arts  are  given  in  fe&ion  rtx. 
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of  the  cement  is  obtained,  either  by  chuf- 
ing  coloured  find,  or  by  the  admixture  of 
the  neceflary  quantity  of  coloured  talc  ill 
powder,  or  of  coloured  vitreous  or  metal- 
lic powders,  or  other  durable  colouring 
ingredients  commonly  ufed  in  paint. 


“ To  the  end  that  fuch  a water  cement 
“ as  I have  defcribed  may  be  made  as  ufe- 
44  ful  as  is  pollible  in  all  circumftances  ; and 
“ that  no  perfon  may  imagine  that  my 
44  claim  and  right  under  thefe  Letters  Pa- 
“ tent  may  be  eluded  by  divers  variations 
44  which  may  be  made  in  the  foregoing  pro- 
44  cefs  without  producing  any  notable  de- 
44  fedl  in  the  cement ; and  to  the  end  that 
44  the  principles  of  this  art  as  well  as  the  art 
44  itfelf  of  making  my  cement,  may  be  ga- 
44  thered  from  this  fpecification  and  perpe- 
44  mated  to  the  public,  I fhall  add  the  fob 
44  lowing  obl'ervations, 

15  The  known  chemical  properties  of  the  feveral  finer  in- 
gredients ufed  in  paint  or  water  colouring,  and  the  experienced 
effedts  of  the  materials  mentioned  in  the  fifteenth,  fixteenth* 
feventeenth,  eighteenth,  nineteenth  and  twentieth  fections, 
are  fufficient  to  direct  the  artift  in  the  choice  of  thofe  things 
which  will  induce  colour,  with  the  fmalleft  injury  to  the 
. incruftation. 


a 


This 


[ 198  ■] 

“ This  my  water  cement,  whether  the 
“ coarfe  or  fine  grained,  is  applicable  in 
forming  artificial  ftone,  by  making  alter- 
“ nate  layers  of  the  cement  and  of  flint,  hard 
“ flohe,  or  brick,  in  moulds  of  the  figure 
“ of  the  intended  ftone,  and  by  expofing  the 
“ maffes  fo  formed,  to  the  open  '6  air  to 
“ harden, 

“ When  fuch  cement  is  required  for 

* 

u water17  fences,  two  thirds  of  the  prefcribed 

**  But  they  muft  not  be  expofed  to  the  rain,  until  they 
are  almoft  as  ftrong  as  frefh  Portland  ftone ; and  even  then 
they  ought  to  be  fheltered  from  it,  as  much  as  the  circuit! •. 
fiances  will  admit.  See  pages  68,  69,;  114.  Thefe  ftones 
may  be  made  very  hard  and  beautiful,  with  a fmall  expence 
of  bone-aih,  by  foaking  them,  after  they  have  dried  thorough- 
ly and  hardened,  in  the  lime-liquor,  and  repeating  this  pro- 
cefs  twice  or  thrice,  at  diliant  intervals  of  time.  The  like 
effeft  was  experienced  in  incruflations,  and  is  mentioned  in 
page  1 14, 

*7  To  what  I have  faid  on  this  fubje&  in  page  124,  I muft 
add  that,  in  my  experiments,  mortar  made  with  terras  powder, 
in  the  ufual  method,  does  not  appear  to  form  fo  ftrong  a ce- 
ment for  water  fences,  as  that  made  according  to  the  fpe- 
cification,  with  coarfe  fand ; and  I fee  no  more  reafon  for 
avoiding  the  ufe  of  fand  in  terras  mortar,  than  there  would  be 
for  rejecting  ftone  from  the  embankment.  The  bone-afhes 
meant  in  this  place  are  the  dark  grey  or  black  fort,  I am  not 
yet  fully  finished  about  the  operation  of  them  in  this  in-* 
fiance, 

“ quantity 
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44  quantity  of  bone  afhes  are  to  be  omitted 
44  and  in  the  place  thereof  an  equal  meafure 
44  of  powdered  terras  is  to  be  ufed  ; and  if 
44  the  land  employed  be  not  of  the  coarfeft 
44  fort,  more  terras  mud  be  added,  fo  that 
44  the  terras  fhall  be  by  weight  one  fixth  part 
44  of  the  weight  of  the  fand. 

44  When  fuch  a cement  is  required  of  the 
44  fined  grain 18  or  in  a fluid  form,  fo  that 
44  it  may  be  applied  with  a brufh,  flint  pow- 
44  der,  or  the  powder  of  any  quartofe  or  hard 
44  earthy  iubflance  may  be  ufed  in  the  place 
44  of  fand,  but  in  a quantity  fmaller  as  the 
<4  flint  or  other  powder  is  finer  ; fo  that  the 

a*  The  qualities  and  ufes  of  fuch  fine  calcareous  cement  are  fet 
forth  in  the  thirteenth  and  twentieth  feitions.  They  are  recom* 
mended  chiefly  for  the  purpofe  of  fmoothing  and  finifhing  the 
ltronger  cruftaceous  works,  or  for  wafhing  walls  to  a lively 
and  uniform  colour.  For  this  laft  intention,  the  mixture  mu  ft 
be  as  thin  as  new  cream,  and  laid  on  brifkly  with  a brufh,  in 
dry  weather;  and  a thick  and  durable  coat  is  to  be  made  by 
repeated  wafhing,  but  is  not  to  be  attempted  byufinga  thicker 
liquor ; for  the  coat  made  with  this  laft  is  apt  to  fcale,  whilft 
the  former  endures  the  weather  much  longer  than  any  other 
thin  calcareous  covering  that  has  been  applied  in  this  way. 
Fine  yellow  ochre  is  the  cheapeft  colouring  ingredient  for  fuch 
a wa(h,  when  it  is  required  to  imitate  Bath  flone,  or  the  warm- 
white  ftones, 

O 4 
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44  flint  powder  or  other  fuch  powder  Avail  not 
44  be  more  than  fix  times  the  weight  of  the 
44  lime,  nor  lefs  than  four  times  its  weight, 
44  The  greater  the  quantity  of  lime  within 
44  thefe  limits,  the  more  will  the  cement  be 
44  liable  to  crack  by  quick  drying,  and  vice 
44  verfa, 

■ 44  Where  fuch  fand  as  I prefer  cannot  be 
44  conveniently  procured,  or  where  fand  can- 
44  not  be  conveniently  wafhed  and  forted, 
44  that  fand  which  mod  relembles  the  mix- 
44  ture  of  coarfe  and  line  fand  above  pre- 
44  fcribed,  may  be  ufed  as  I have  directed, 
44  provided  due  attention  is  paid  to  the  quail- 
44  tity  of  the  lime,  which  is  to  be  the 
*4  greater  i9  as  the  fand  is  the  finer  and  vice 
44  verfa, 

44  Where  fand  cannot  be  eafily  pro^ 
44  cured,  any  durable  Honey  body,  or  baked 
44  earth  groflv  powdered50  and  forted  nearly 

44  to 

*9  Further  inftru&ions  may  be  gathered  from  the  thir- 
teenth fe&ion.  If  feafand  be  well  wafhed  in  frefli  water,  it  is 

good  as  any  other  round  fand, 

30  The  cement  made  with  thefe  and  the  proper  quantiti  e 
of  purifier}  liine  and  lime-water,  me  inferior  to  the  bed,  a s 

the 
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to  the  fizes  above  prefcribed  for  fand,  may 
be  ufed  in  the  place  of  fand,  meafure  for 
“ meafure,  but  not  weight  for  weight,  un- 
lefs  fuch  grofs  powder  be  as  heavy  fpe- 
**  ^ideally  as  fand, 

“ Sand  may  be  cleanfed  from  every  fofter 
lighter  and  lefs  durable  matter  and  from 
“ that  part  of  the  fand  which  is  too  fine,  by 
“ various  methods  preferable 31  in  certain 
44  circumftances,  to  that  which  I have  de^ 
fcribed, 

« ' * ' * t ; • i * . * 

“ Water  maybe  found  naturally  free  from 
“ fixable  gas  felenite  or  clay : fuch  water  may, 
“ without  any  notable  inconvenience,  be  ufed 
in  the  place  of  the  cementing  liquor;  and 
water  approaching  this  ftate  will  not  re- 
“ quire  fo  much  lime  as  I have  ordered,  to 


the  grains  of  thefe  powders  are  more  perilhable  and  brittle  than 
thole  of  fand.  They  will  not  therefore  be  employed,  unlefs 
for  the  fake  of  evalion,  or  for  want  of  fand  : in  this  latter  cafe 
the  liner  powder  ought  to  be  walhed  away, 

31  This  and  the  next  paragraph  is  inferted  with  a view  to 
evalions,  as  well  as  to  fuggeft  the  eafler  and  cheaper  methods 
which  may  be  adopted  in  certain  circumftances,  by  artifts  who 
underitand  the  principles  which  I have  endeavoured  to  teach. 

malce 
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*c  make  the  cementing  liquor;  and  a cement- 
44  ing  liquor  fufficiently  ufeful  may  be  made 
44  by  various  methods  of  mixing  lime  and 
44  water  in  the  deferibed  proportions,  or 
**  nearly  fo. 

44  When  Hone  lime  cannot  be  procured, 
44>  chalk  lime  or  fhell  lime  which  bed:  re- 
44  fembles  ftone  lime,  in  the  characters  above 
44  written  of  lime,  may  be  ufed  in  the  manner 
4<  deferibed,  except  that il  fourteen  pounds 
44  and  a half  of  chalk  lime  will  be  required  in 
44  the  place  of  fourteen  pounds  of  Hone  lime, 
44  The  proportion  of  lime  which  I have  pre- 
44  feribed  above  may  be  encreafed  without 
44  inconvenience,  when  the  cement  or  ftucco 
44  is  to  be  applied  where  it  is  not  liable  to 
*4  dry  quickly  ; and  in  the  contrary  circum- 
46  fiance  this  proportion  may  be  diminifhed  ; 
<4  and  the  defect  of  lime  in  quantity  or 
“ quality  may  be  very  advantageoufly  fup> 

31  This  relates  to  chalk  lime  burned  with  a fufheient  quan- 
tity of  fuel  in  kilns  of  the  common  conftrudtion.  Chalk  lime 
prepared  as  I fhall  fliew  in  the  next  feftion,  will  go  as  far  as 
Hone  lime,  if  not  farther, 

44  plied 
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44  plied  ”,  by  cauliilg  a coniiderable  quantity 
44  of  the  cementing  liquor  to  foak  into  the 
44  work,  in  fucceffive  portions  and  at  diflant 
41  intervals  of  time,  fo  that  the  calcareous 
44  matter  of  the  cementing  liquor,  and  the 
44  matter  attracted  from  the  open  air,  may 
44  fill  and  fhengthen  the  work, 

44  The  powder  of  almoft  every  well 
44  dried  or  burnt  animal  fubftance  may  be 
44  ufed  inftead  of  bone-afh ; and  feveral 
44  earthy  powders,  efpecially  the  micaceous 
44  and  the  metallic  ; and  the  elixated  afhes 
44  of  divers  vegetables  whofe  earth  will  not 
44  burn  to  lime  ; and  the  afhes  of  mineral 
*4  fuel,  which  are  of  the  calcareous  kind,  but 
44  will  not  burn  to  lime ; will  anfwer  the  ends 
44  of  bone-afh  in  fome  degree34. 


33  This  pra£Hce  is  noticed,  as  the  remedy  which  may  be 
ufed  for  the  defeats  arifing  from  evafive  meafures,  and  as  the 
method  of  giving  fpongy  incruftations  containing  bone-aflies, 
the  greateft  degree  of  hardnefs, 

34  The  ufeful  fubflitutes  for  bone-aflhes,  have  been  treated 
of  in  the  foregoing  fe&ions : the  metallic  micaceous  and  earthy 
powders  are  not  recommended  in  the  texr,  but  only  enume- 
rated for  reafons  which  influenced  the  ityle  of  this  fpecification, 
and  which  lawyers  will  perceive. 


44  The 
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“ The  quantity  of  bone-afh  defcribed  may 
“ be  leffened  without  injuring  the  cement,  in 
“ thofe  circumftances  efpecialiy  which  ad- 
“ mit  the  quantity  of  lime  to  be  leffened,  and 
“ in  thofe  wherein  the  cement  is  not  liable 
“ to  dry  quickly.  And  the  art  of  remedying 
“ the  defeat's  of  lime  may  be  advantageoufly 
ii  pradifed  to  fupply  the  deficiency  of  bone^ 
“ .afh,  efpecialiy  in  building  and  in  making 
**  artificial  done  with  this  cement. 

6i  N.  B.  For  infide  work,  the  admixture 
44  of  hair  with  this  cement  is  ufeful. 

44  In  witnefs  whereof  I the  faid  B.  H.  &c.” 

The  excellence  of  my  cement  depends 
firft,  qn  the  figure  fize  and  purity  of  the 
land ; fecondly  on  the  purity  of  the  lime, 
obtained  in  the  choice  of  lime- done,  and  in 
the  perfed  burning,  and  fecured  in  the  pre- 
fervation  of  it  from  air,  in  my  method  of 
flaking,  and  in  the  reparation  of  heterogeneous 
parts ; thirdly  on  the  ufe  of  ffrong  and  pure 
lime  water  in  the  place  of  common  water; 
fourthly  on  the  proportion  of  lands  lime  water 
and  lime  ; fifthly,  on  the  manner  of  mixing 
‘them  ; iixthly,  on  the  knowledge  of  ingre- 
dients 
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clients  and  circumftances  which  are  injurious 
or  ufeful ; feventhlv,  on  the  life  of  bone- 
afhes  of  determinate  fize  ; eighthly,  on  the 
art  of  fuiting  fome  of  thefe  to  the  feveral  pur- 
pofes  ; and- finally  on  fo  many  other  particu- 
lars, as  render  it  very  difficult  to  give  a more 
candid  fpeciiication,  in  the  ufual  compafs, 
than  this  which  I have  enrolled,  or  to  guard 
otherwife  againft  eyafions,  than  by  anticipat- 
ing them. 

I do  not  think  it  neceffary  to  infill  more 
minutely  on  the  mechanical  arts  of  applying 
the  coarfer  or  finer  calcareous  cement,  to  pro- 
duce the  mofl  agreeable  effects,  becaufe  they 
are  known  to  fo  many  workmen  employed 
under  Meffi  Wyatt,  and  are  fo  nearly  related 
to  thofe  already  known  to  the  plaiflerers, 
that  they  are  not  likely  to  be  miffed  or  loft. 
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SECTIO  N XXIV. 


'Experimental  Qomparifons  of  Chalk- Lime  •with 
Stone-Lime * Advices  to  the  Manufacturers  op 
Chalk- Lime,  concerning  the  Art  of  rendering 
it  equal,  if  not  fuperior , to  Stone- Lime,  for  the 
Purpofes  of  Builders  Soap-Boilers  and  Sugar- 
Bakers . 

ALL  the  authors  whom  I have  con- 
fulted,  who  have  treated  of  cementi- 
tious buildings  and  of  lime,  from  the  time 
of  Vitruvius,  who  wrote  on  thefe  fubjeCts  in 
the  reign  of  the  Roman  Emperor  Titus  or 
before  it,  down  to  the  prefent  hour  ; and  all 
the  artifts  with  whom  i have  converted, 
agree  in  the  opinion  that  lime  prepared  from 
the  clofeft  lime- Rone  makes  a flronger  cement 
than  that  which  is  made  of  fpongy  limc- 
ftone,  and  that  the  lime  of  chalk  particularly, 
is  incapable  of  aCting  as  effectually  as  the  belt 
Rone  lime,  in  cementitious  works  or  incru* 
Rations  which  are  expofed  to  the  weather. 


This 
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This  univerfal  and  unqueftioned  notion 
had  great  influence  with  me  in  the  courfe  oi 
my  experiments,  until  I had  difcovered  not 
only  the  fallacy  of  it,  but  the  grounds  which 
gave  rife  to  it : both  which  I lhall  now  ex- 
pofe,  in  the  pleafing  hope  of  rendering  great 
fervices  to  many  of  my  friends,  and  all 
who  are  proprietors  of  chalk-pits,  or  are  obli- 
ged to  ufe  chalk-lime  in  their  buildings. 

The  experiments  already  mentioned  af- 
forded me  a great  many  opportunities  of  com- 
paring cements  made  with  lime  and  fand,  or 
with  thefe  and  other  ingredients  in  various 
proportions,  and  differing  only  in  the  kind 
of  lime.  In  thefe  comparifons  I could  not 
perceive  that  chalk  lime,  judicioufly  pre- 
pared and  ufed,  was  in  any  refpect  inferior  to 
the  bed:  flone  lime  : but  I did  not  content 
myfelf  with  thefe.  I made  a great  number 
of  cements,  with  the  lble  view  of  collating 
the  refpedtive  merits  of  thefe  kinds  of  lime, 
in  fmall  and  great  incruftations,  in  mafles 
made  to  refemble  cut  ftone,  in  all  expofures 
and  feafons  of  the  year  ; and  after  the  drift- 
ed: comparifons  of  thofe  which  contained 
lime  in  equal  quantities  and  were  treated 

alike 
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alike  in  all  refpe£ts,  I was  thoroughly  con* 
vinced  that  my  chalk  lime  was  as  good  fbi* 
any  purpofe  of  this  kind,  as  the  heft  flone 
lime  in  this  kingdom  ; for  I ufed  the  well- 
burned  lime  of  Plymouth  {tone,  which  I 
reckon  among  the  mod  excellent  of  our 
lime  dones. 

* li'JO  c /«>♦,.  r f 

Plymouth  lime-done  lofes  feven  fix- 
teenths  of  its  weight,  in  the  converlion  to 
lime,  and  becomes  as  white  as  chalk.  Chalk 
loofes  a little  more  in  the  perfect  burning* 
Plymouth  lime  leaves  a i'mall  gvpfeous  reli- 
due  in  the  folutioii  preferibed  in  the  tenth 
page,  which  is  preferable  to  that  directed  in 
the  fpecitication  : chalk-lime  leaves  none. 

Therefore  the  chalk-lime  chemically  or  tech- 
nically tried,  appears  to  be  equal,  if  not  fu* 
perior  to  (tone  lime,  in  its  cementing  powers, 
when  it  is  properly  ufed. 

The  prejudices  entertained  againft  chalk- 
lime  may  be  traced  to  three  lources.  The 
firif  is  that  which  is  mentioned  in  the  fourth 
iedlion.  The  vulgar  criterion  of  the  due  pre- 
paration of  lime  coniilts  in  the  flaking : and 
as  chalk,,  which  has  undergone  a flight  calci- 
nation 
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liation  and  thereby  loft  only  a part  of  Its  aci- 
dulous gas,  is  capable  of  flaking,  by  reafon 
of  its  fponginefs  ; the  manufacturers  of  chalk 
lime  content  themfelves  with  the  degree  of 
calcination  which  renders  it  tractable  or  ven- 
dible, and  thus  bring  it  into  difrepute. 

The  fecond  fource  is  mentioned  in  the 
fifth  feCtion.  Chalk  lime  imbibes  acidulous 
gas,  during  its  expofure  to  the  air,  much 
fafter  than  ftone  lime,  and  is  confe- 
quently  more  impaired  or  worfe,  at  the  time 
of  ufing  it  in  mortar,  than  ftone  lime  kept  in 
the  lame  circumftances.  As  the  lime  may 
be  greatly  injured  in  this  way,  without  flak- 
ing fenfibly  ; and  as  there  was  no  fufpicion 
or  meafure  of  fuch  injury,  beyond  what  the 
flaking  afforded  ; the  acquired  imperfection 
of  chalk  lime  was  confidered  as  the  very  na- 
ture of  it.  In  the  thirtieth  page  it  appears 
that  a pound  of  chalk  lime,  placed  in  the  qui- 
efcent  air  of  a chamber,  imbibes  two  ounces 
and  a half  of  acidulous  gas  in  two  days, 
which  is  the  fhorteft  time  in  which  lime  is 
ufually  expofed,  if  we  count  from  the  mo- 
ment of  its  being  red  hot  to  that  of  its  being 
mixed  in  mortar,  during  which  interval  it  is 
in  the  ftate  of  abforption. 
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The  third  fource  I have  difcovered  in 
the  ftru&ure  of  lime  kilns.  The  cavity 
of  a lime-kiln  has  the  figure  of  a truncated 
cone  inverted.  When  the  charge,  con- 
fiding of  lime  done  and  fuel  alternately 
dratified,  has  burned  for  fome  time,  the  fuel  is 
exhauded  at  the  lower  narrow  extremity  of 
the  cavity,  the  lime  in  this  part  cools,  and 
fierves  as  a grate  to  the  fuel  and  limedone 
above  it,  which  continue  to  bum  brilkly,  for 
eighteen  hours  or  longer,  after  the  lime  be- 
neath begins  to  cool.  During  this  time 
the  lad-mentioned  part  of  the  lime  is  expofed 
to  a drong  current  of  air ; and  the  whole 
charge  of  lime  dands  in  the  like  current  of  air 
until  the  kiln  is  cooled,  or  the  lime  is  with- 
drawn ; which  in  common  practice  is  feldom 
or  never  done  before  the  iixtieth  or  feventieth 
hour  after  the  combudion  of  the  fuel  com- 
menced. 

The  injury  which  lime  done  fudains,  in 
thefe  circumdances,  which  I have  often  imi- 
tated in  my  elaboratory,  is  not  great ; becaufe 
this  lime  is  much  more  compact  than  the 
chalk  lime.  But  when  we  obferve  that  the 
bed  pieces  of  chalk  lime  of  the  common  kilns, 

and 
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&hd  thofe,  which,  after  heating  then!  fuf- 
ficiently,  I had  left  in  the  fire-place,  expofed 
as  they  are  in  the  ufual  procefs,  are  always 
effervelcent  ; that  good  chalk  lime*  in  a 
weaker  current  of  air,  imbibes  more  than  three 
ounces  of  acidulous  gas  into  each  pound  of 
it,  in  two  days,  according  to  the  experiment 
of  the  thirtieth  feCtion  ; and  that  my  chalk 
lirne^  which  I remove  from  the  fire-place 
as  foon  as  it  is  fufficiently  burned,  is  per- 
fectly non  efFervefcent ; we  find  that  the  long 
experienced  imperfections  of  frefh  chalk 
lime  are  owing  more,  to  the  faulty  con- 
ftruCtion  of  the  kilns,  and  the  ignorance  of 
the  manufacturer,  than  to  any  incapacity 
of  chalk  to  yield  excellent  lime* 

The  means  of  preparing  chalk  lime  to 
equal  or  exceed  ftone  lime,  and  of  making  the 
beft  ftone  lime,  may  be  gathered,  from  what 
I have  faid,  and  the  following  intimations. 
The  kilns  are  to  be  made  broader  and  fhal- 
lower  in  the  cavity  which  receives  the  charge : 
the  circular  wall  inclofing  this  cavity,  is  to 
be  continued  tapering  upwards,  until  it  ter- 
minates in  a lofty  flue,  in  order  to  accelerate 
the  combuftion  and  increafe  the  heat  by  a 
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quick  current  of  air  to  be  regulated  by  open- 
ing or  doling  the  door- way,  which  is  to  be 
lett  in  the  circular  wall  at  a convenient  height 
for  the  introduction  of  the  charge.  The  maf- 
five  walls  of  the  lower  cone  are  to  be  lined 
with  fi  re  brick  or  apyrous  done  let  in  the 
beft  fire  loam  ; and  are  to  be  girded  with  iron. 
The  fuel  is  to  be  fo  dratified  with  the  lime  {tone 
or  chalk,  and  the  combultion  is  to  be  fo  con- 
ducted, that  every  part  of  the  charge  fhall  be 
fufficiently  ventilated  and  heated,  and  that 
the  loweft  {hall  remain  red  hot  until  the 
whole  is  well  burned.  Then  the  current  of 
air  through  the  kiln  is  to  be  {topped,  by  clol* 
mg  the  apertures  at  the  bottom  ; or  the  red 
hot  lime  is  to  be  removed  out  of  it,  to  cool 
\n  quiefcent  air,  until  it  is  fit  to  be  inclofed  in 
air-tight  veflels.  A calk  of  chalk  lime  is 
not  to  be  opened  until  the  moment  when 
the  workman  is  ready  to  (lake  the  lime ; and 
the  greated  expedition  is  to  be  ufcd  in  the 
flaking,  in  making  the  mortar,  and  in  ap- 
plying it  to  ufe.  By  this  treatment  the 
chalk  lime  will  anfwer  every  end  of  the  bed; 
done  lime ; and  done  lime  may  be  prepared 
and  preferved  in  the  highed  perfection  which 
the  nature  of  the  lime  done  can  admit. 
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The  manufacturer  of  chalk  lime  who  fil'd 
adopts  thefe  meafures  near  London  will  pro. 
fit  by  them  : for  good  lime  is  not  only  bet- 
ter, but  goes  farther  in  building,  than  bad 
lime  ; good  chalk  lime  will  anfwer  the  pur- 
pofes  of  the  foap-boiler,  in  half  the  quantity 
which  they  ufe  of  common  chalk  lime,  the 
greater  part  of  which  ferves  only  to  wade 
their  lees  and  clog  their  vatts  ; and  our  fugar- 
bakers  will  not  hefitate  about  the  price  of 
good  chalk  lime,  when  they  find  that  it  is  to- 
tally foluble  in  pure  water,  and  introduces  no 
felenitic  matter  into  the  lugar.  The  expor- 
tation of  lime  to  the  Weft  India  Iflands  will 
be  a further  incitement  towards  the  improve- 
ments which  I have  fuggeded,  when  the 
planters  receive  the  information  which  I in- 
tend foon  to  give  them,  concerning  the  prin- 
ciples by  which  lime , duly  adminijlered  facili- 
tates, but  injudicioujly  ufed  Impedes  the  granula- 
tion of  the  faccharine  part  of  their  cane 
juice. 
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SECTION  XXV. 

Directions  to  the  Houfes  already  flue  coed  whh  the 
new  Cement . Obfervations  on  the  Objections  of 
certain  Art  if s ; on  the  cementitious  Works  of 
the  Romans  ; on  the  experienced  and  unequalled 
Duration  of  fuch  Cements  ; on  the  Cements  of 
Loriot  and  others  ; and  on  certain  Ufes  of  the 
Author  s Cement  f 

r~jpHE  inexperience  of  the  workmen,  their 
I obflinate  adherence  to  their  own  no- 
tions, and  the  opinion  which  they  entertained 
that  fome  of  the  rules  preferibed  to  them 
were  infilled  on  rather  through  an  affectation 
of  myftery  than  for  any  ufeful  purpole,  ope- 
rated  ftrongly  againft  the  beft  endeavours  of 
MeflieursWyatt,  in  theincruftations  firftmade 
on  the  great  fcale  for  ule  or  ornament.  In 
confequence  of  thefe  difadvantages,  which 
will  be  obviated  in  future,  their  ftucco,  al- 
though it  excels  others  beyond  compari- 
fon  and  is  far  from  being  perifhable,  is  not 
quite  fo  hard  as  it  might  have  been  made. 
This  I mention,  left  thefe  incruftations  fhould 
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be  miflaken  for  the  bell:,  which  I have  re- 
prefented  as  exceeding  Portland  hone  in  hard- 
nefs.  Thefe  lafl  demand  a fhid  obfervance  of 
the  foregoing  precepts  refpecling  the  feafon 
and  the  expofure  as  well  as  the  materials  and 
mechanical  application  of  them. 

The  houfes  which  have  been  fluccoed  with 
this  cement  are  the  following  : 

The  north  front  of  Mr.  Delme’s  houfe  on 
the  fouth  fide  of  Grofvenor-Square,  fluccoed 
in  November  and  December  1778. 

The  north  and  fouth  fronts  of  Mr.  Viner’s 
houfe  in  Conduit-Street,  Hanover-Square,  and 
the  moulded  walls  of  the  area  behind  it,  fluc- 
coed  in  the  fummer  and  autumn  of  1779  : 
the  fore-front  reprefenting  Bath  ftone,  the 
other  front  and  the  walls  and  mouldings  o^ 
the  area,  clofely  imitating  Portland  hone. 

Mr.  Bond  Hopkins’s  houfe  at  Wimbledon 
in  Surry,  fluccoed  in  the  fummer  of  1779, 
in  every  afped. 
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Mr.  Birch’s  houfe  at  Hamftead  near  Bir- 
mingham, ftuccoed  in  autumn  17^9,  in  every 
alpeft. 

These  were  done  under  the  direction 
of  Mr.  James  Wyatt. 

I must  obferve  that  the  difcoloured  fummit 
of  the  front  of  Mr.  Viner’s  houfe,  is  natural 
ftone;  and  that  our  cement  never  changes  its 
colour,  like  thofe  which  contain  white  lead  qr 
oil.  This  houfe  feems  to  be  well  finifhed. 
But  when  an  incruftation  is  made  in  an  im- 
proper feafon  ; when  the  parapet  or  gutters 
are  defective,  and  the  rain  is  frittered  to  pe- 
netrate through  the  fpongy  bricks  and  recent 
ftucco  ; it  is  the  fault  of  the  workman  and 
not  of  the  cement,  if  the  damp  appears  in  the 
incruftation  of  the  attic  lfory,  or  if  this  part 
of  it  fhould  never  harden  compleatly. 

I have  not  yet  been  n formed  of  the  work 
done  by  Mr.  Samuel  Wyatt,  except  the  ftuc- 
coing  of  the  Honourable  Juftice  Willes’s 
houfe  at  Little  Grove  Eaft  Barnet,  on  the 
northern  fouthern  and  eaftern  fides,  in  Sep- 
tember aqd  October  1779  ; and  a piece  of 
incruftation  reprefenting  a very  coarfe  ftone, 
made  in  November  1778,  ffom  the  foundation 

to 
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to  the  height  of  the  cellar  llory,  on  the  eaftern 
wall  of  Mr.  Curzon’s  houfe  in  Davies-Street 
Grofvenor-Square.  The  earth  had  lainagainft 
this  wall  for  many  years  : it  was  fluccoed  im- 
mediately after  the  area  had  been  opened  to 
it,  and  whilfl  it  was  damp  ; and  by  the  mi- 
flake  of  the  painter,  the  ftucco  was  painted 
whilfl  it  was  frefh  : I have  not  feen  it  fince : 
but  I am  told  that  under  all  thefe  di  fad  van- 
tages it  is  incomparably  better  than  the  piece 
of  common  flucco  which  meets  it  from 
above, 

Wi-iat  has  been  fairly  fhewn  of  the  cement, 
in  this  public  manner,  has  given  greater  fatis- 
fadtion  ; and  Meflrs.  Wyatt  are  engaged  to 
flucco  a great  number  of  capital  houfes  with 
it  next  fummer.  Thefe  will  be  done  in  the 
highefl  perfection,  becaufe  the  workmen  are 

now  compliant  and  experienced, 

% | » « . 

An  impediment  however  ftill  fubfifts  to 
obftrudt  the  progrefs  of  this  art  in  the  public 
eflimation.  Some  interefted  perfons  dili- 
gently infmuate  that  this  cement  has  not  the 
fandtion  of  long  experience  ; and  that  howe- 
ver promifing  it  now  appears,  it  may  moulder 
like  others  in  a few  years  hence : they  like- 
>yile  obf^rve  that  only  a fuperficial  crufl  of 

the 
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the  above-mentioned  ftuccoes  is  fufficiently 
hard,  but  that  the  internal  parts  may  eafily 
be  cut  or  bro|ce  : and  they  reprefent  the  ceT 
fnept  as  an  expenfive  eompofition. 

i f 

* \ + « * 4 . . *.•  J 

This  publication,  which  Ihews  it  to  be 
piade*  of  clean  forted  bands,  of  bone-afhes, 
and  of  good  lirqe  in  about  half  the  quantity 
ufed  in  the  corpmon  method  of  making  mor- 
tar, renders  an  anfwer  to  the  lafl-mentioned 
objection  quite  unneceflary. 

The  fecond  objection  may  be  thus  conii- 
dered.  The  fame  attractive  power,  which 
draws  acidulous  gas  from  the  air  into  lime, 
mull  neceflarily  prevent  any  conhderable 
quantity  of  the  gas  from  entering  deeply  in 
a recent  incruflation,  until  the  lime  at  the 
fur-face  isfaturated  with  it,  and  conlequently 
until  a fuperficial  layer  of  the  cement  is  high- 
ly indurated.  The  fame  matter,  which  du- 
ring its  acceffion  hardens  this  part,  mull  like- 
wife  tend  to  render  it  clofer  in  the  texture 
and  lefs  freely  pervious  to  that  which  is  ftill 
neceffary  for  the  induration  of  the  internal 
portions : and  thus  it  happens  that  an  incru- 
ftation  grows  harder  at  the  furface,  in  one 
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week,  than  it  does  deeply  in  the  fubftance, 
in  a year,  although  bone-alhes  be  ufed  to 
lefien  the  obftruCtion  of  the  furface.  Since 
therefore  we  know  the  reafon  why  the  inte- 
rior parts  of  an  incruftation  cannot  harden  in 
a much  longer  time  than  is  neceflary  for  the 
hardening  of  the  exterior ; fince  the  mate- 
rials of  the  cement  are  the  fame  in  the  cen- 
tral parts  as  web  as  at  the  fuperfices,  and 
muft  be  equall  affected  by  acidulous  gas 
when  it  can  reach  to  them  ; f nee  by  our  ex- 
perience of  old  cements  compofed  of  lime 
and  find,  we  know  that  the  induration  ex- 
tends equally  through  the  mafs  of  them,  ill 
the  courfe  of  years  ; it  is  manifeft  that  our 
ftucco  will  harden  in  due  time  through  the 
•whole  fubftance  of  it,  as  much  as  it  does  in  a 
fhorter  time  at  the  furface,  and  that  the  ob- 
jection, founded  on  the  internal  weaknefs 
noticed  in  the  firft  year,  is  futile. 

To  prove  this  by  experiment,  ferape  away 
the  hardened  fuperficial  ftratum,  as  I have 
often  done ; and  taking  care  to  brufh  off  all 
that  you  have  loofened  beneath,  leave  the 
new  furface  of  the  friable  part  of  the  cement 
expofed  to  the  air  for  a few  weeks.  You  will 

find 
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find  it  to  harden  like  the  firft  furface,  whilft 
the  parts  beneath  it  ftill  continue  brittle. 
You  will  perceive  after  a repetition  of  the 
like  experiment  in  the  fame  place,  that  every 
part  of  the  ftucco  is  capable  of  acquiring 
the  hardnefs  of  the  firft  furface,  in  a few  days, 
and  confequently  that  the  whole  will  accquire 
it  iu  the  longer  time  neceffary  for  the  entrance 
of  acidulous  gas  through  the  compact  exterior 
cruft. 

With  regard  to  the  objections  grounded 
on  our  lhort  experience  of  this  cement,  I 
think  they  can  have,  very  little  influence  a~ 
mongft  informed  men  who  know,  from  the 
writings  of  the  antients,  by  the  infpeCtion 
of  old  cements,  and  by  the  analyfis  of  them* 
that  mortar  made  of  lime  and  fand  can 
endure  every  trial  of  the  weather  in  the 
moft  expofed  fituations  for  a thoufand  years 
or  more.  Such  objections  deferve  no  better 
anfwer  than  ought  to  be  given  to  an  illiterate 
London  bricklayer,  who  ihould  objeCt  to  the 
ufe  of  porphyry  in  building,  becaufe  he  has 
no  certainty  of  its  being  fo  durable  as  the 

bricks 
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bricks  which  he  had  for  many  years  ex- 
perienced. 

I am  aware  of  the  opinion,  which  is  pre- 
valent at  this  time,  that  the  antients  ufed 
fomething  which  is  unknown  to  us  in  their 
mortar,  and  that  this  long  loft  ingredient  is 
the  caufe  of  the  duration  and  hardnefs  of 
thofe  cements  which  we  fo  much  admire  in 
fome  of  their  Itrudtures.  A notion  founded 
on  conjecture  does  not  demand  a ferious  dil- 
cuflion.  I will  therefore  treat  it  as  a fubjedt 
of  converfation  rather  than  of  argument. 

Vitruvius  in  the  fifth  chapter  of  the 
fecond  book  of  his  architecture  fpeaks  thus 
of  lime. 

Square  autcm  cum  recipit  aquam , & arenam 
calx , tunc  conjirmat  Jlrudiuram , hac  ejfe  caufa 
videtur , quod  e principiis  uti  cetera  corpora , it  a 
& faxa  funt  temper  at  a : & qua  plus  habent  aeris , 
flint  tenera  : qua?  aqua,  lenta  funt  ab  humore : 
qua  terra?,  dura  : qua  ignis , fragiliora.  Itaque 
ex  his  faxa,Ji  antequam  coquantur , contufa  minute , 
mixtaque  arena  conjiciantur  in  Jlruciuram,  ncc 
foil def cunt,  nec  earn  poterunt  contmerc : cum  vero 

conjeefa 
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conjetia  in  fornacem , ignis  vehenienti  fervor e 
correpta , amiferint  priftince  foliditatis  virtutem , 
iunc  exujlis , exhaufis  eorilm  viribus , ty//#- 

quimfur  pdtentibus  foraminibus , (s1  inanibus : ergo 
liquor , qui  ejl  in  ejus  lapidis  Cor  pore,  & aer  cunt 
exhaujlus , & erepius  fuerit , habueritque  in  fe  re- 
Jiduimi  calorem  latentent,  intindtus  in  aqua  prius , 
exeat  ignis , ‘y/tfz  red  pit,  & humore  penetran- 
te  in  foraminum  raritates  confervefcit,  & ita  re- 
frigeratus  rejicit  ex  calcis  corpore  fervorem . Idea 
autem  quo  pondere  faxa  cojijiciuntur  in  fornacemi 
cum  eximuntur , poffunt  ad  id  rcfpondere , 

c#/?z  expenduntur,  eadem  magnitudine  permanente , 
excotto  liquore  circiter  tcrtia  parte  ponderis  im - 
minuta  ejj'e  inveniuntur.  Igitur  cum  patent  fora- 
mina eorum , raritates 9 arena?  mixtionem  in  fe 

corripiunt , //#  coh aer ef cunt,  fcccfcendoque  cum 

caemenis  coeunt,  & efficiuni fir  udlur  arum  foliditatem . 

The  fame  ignorance  of  the  nature  of  lime 
is  betrayed  by  Alberti  and  later  writers* 
And  fmee  we  do  not  find  any  l'cientihc  rules 
preferibed  by  literary  artifts,  for  the  com- 
petition of  calcareous  cements  with  fuch 
chofen  and  forted  materials  as  I have  de- 
feribed,  or  in  fuch  proportions  of  them  ; and 
fince  it  is  highly  improbable  that  the  re- 
membrance 
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membrance  of  an  ufeful  ingredient,  or  any 
knowledge  once  accquired  in  an  art  practilecf 
in  fo  many  countries  nd  by  fo  many  different: 
perfons  in  every  age,  ffiould  have  been  loff ; 
we  have  the  moft  fatifaflory  reafons  for  con- 
cluding that  the  antients  had  no  ikill  beyond 
that  of  our  modern  builders,  in  the  prepara- 
tion of  lime  or  mortar. 

The  ruins  of  Herculaneum,  and  other 
reliques  of  their  works,  furnilh  us  with  a- 
bundance  of  bad  mortar  and  defective  in- 
cruffations,  which  are  inftances  of  their  ig- 
norance of  thofe  principles  by  which  the 
belt  cement  might  be  made  equally  cheap. 
The  total  ruin  and  obliteration  of  many  of 
their  buildings,  argue  to  the  fame  end  ; for 
well  cemented  works  fuffer  very  little  by 
dilapidation,  by  reafon  of  the  difficulty  and 
expence  of  pulling  them  to  pieces  and  ap- 
plying the  materials  to  other  ffrudtures.  If 
to  thefe  confiderations  I can  add  an  expolition 
of  the  fortuitous  circumftances  which  ren- 
dered fome  of  their  cements  uncommonly 
hard  and  durable,  I hope  I ffiall  not  be  fufpefl- 
ed  of  ungenerous  invidious  motives,  in  faying 
that  the  aquedufts  and  other  ftruSures, 

which 
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which  have  been  preferved  to  us  through  io 
many  ages,  by  the  ftrength  of  their  cement, 
are  monuments  rather  of  the  good  luck,  than 
of  any  extraordinary  lkill,  of  thole  who  built 
them. 

When  the  neighbouring  quarries  afforded 
good  lime  ftone,  free  from  gypfum,  and 
fuch  as  required  to  be  well  burned  before  it 
could  flake  freely ; when  the  preparation  of 
the  lime,  at  the  public  expence,  afforded  no 
temptation  for  parfimony  in  fuel ; and 
when  the  vicinity  of  the  lime  ftone,  and  the 
quick  confumption  of  the  lime  in  great  maf- 
five  works,  prevented  thofe  injuries  which 
it  fuftains  in  long  tranfportation  and  expofure, 
in  the  flaking  of  great  quantities  of  it  at  once, 
or  in  the  keeping  of  mortar  made  with  it ; the 
ignorance  of  the  artifts  could  not  produce  any 
defects  dependent  on  bad  lime,  becaufe  necef- 
fity  or  chance  inforced  all  that  could  have 
been  fought  by  choice,  in  this  inftance. 

When  the  vicinity  afforded  fand,  clean 
quartofe  fharp  well  lized  and  refembling  our 
mixture  of  the  coarfe  and  fine ; chance  fur- 

nifhed 
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Dirtied  all  that  Hull  could  aim  at,  in  the 
choice  and  preparation  of  this  article* 

When  walls  of  immenfe  thicknefs  were 
conhruCted  chiefly  with  fmall  hones,  in  the 
way  of  boulder-work,  the  great  confumption 
of  mortar  made  every  practicable  faying  of 
lime  an  objeCt  of  great  importance;  and  as 
the  mortar  muft  be  made  hiff  for  fuch  work, 
it  was  neither  convenient  nor  neceflary  to 
mix  much  lime  in  it,  or  to  ufe  fine  fand  in  it, 
or  to  exclude  the  rubble  from  it : and  thus, 
by  motives  of  oeconomy  and  convenience} 
father  than  by  any  others,  they  were  led  to 
the  meafures  which  infured  to  the  cement  of 
fuch  hruCtures  every  perfection  dependent  on 
the  goodnefs  of  lime  and  fand  and  on  good, 
if  not  the  beh,  proportions  of  them. 

When  the  hones  ufed  in  building  were  re- 
cently dug,  or  collected  from  the  beds  of  ri- 
vers, the  artihs  needed  no  precautions  againh 
the  bad  effeCts  of  dry  bibulous  and  duhy 
hones  or  bricks  ; and  their  works  had,  of 
neceffity,  every  good  quality  attainable  by 
the  practice,  which  I commend,  of  (baking 
thele  materials.  When  their  water  was  good, 

the 
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the  cement  abounding  in  lime  was  not  much 
the  worfe  for  their  ignorance  of  the  ufe  of 
lime  water. 

When  the  hrudture  was  intended  to  {land 
by  its  own  hrength,  rather  than  to  depend  on 
timbers  ; and  was  by  the  folidity  of  its  bear- 
ings and  the  diameter  of  its  honey  fubhance, 
fiecured  from  agitation  ; when  the  thicknefs 
ol  the  walls,  prevented  the  cement  from  being 
haftily  dried,  and  afterwards  fecured  it  from 
being  thoroughly  wetted;  and  when  the  enor- 
mous weight  contributed  to  the  approxima- 
tion and  cohefion  of  the  parts  of  the  cement 
to  each  other  and  to  the  hones  ; every  defedt 
of  cementitious  buildings,  of  a contrary  de- 
feription,  was  obviated  by  the  nature  of  the 
hrudhire,  which  rendered  it  as  perfedl,  in  the 
hands  of  any  nrtihs,  as  the  moh  confummate 
Ikill  could  make  our  modern  {lender  tremu- 
lous bibulous  walls. 

In  the  concurrence  of  thefe  circumhances, 
we  find  excellent  cements  of  great  antiquity, 
which  I need  not  point  out  to  literary  men  : 
but  fince  they  are  found  no  where  elfe,  that  I 
have  difeovered  ; and  fince  it  is  not  probable 
thaTxhe  antients  had  any  art  of  this  kind  un- 
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known  to  the  moderns,  I fhink  I am  autho- 
rized  to  conclude  that  their  bed  cementitious 
tvorks,  indead  of  being  held  forth  as  in- 
fiances  of  their  unequalled  fkill,  ought  rather 
to  be  confidered  as  fubdantial  proofs  of  the 
duration  of  ftiortar  or  ducco  duly  compofed  of 
fan d and  lime,  beyond  all  others,  and  of  the 
utility  of  thefe  endeavours  which  I have  made 
for  preparing  calcareous  cements  according 
to  fcientific  principles,  which  enable  us  to 
make  them  ill  the  highefl  perfection  in  all 
places,  and  to  accommodate  them  to  every 
purpofe  of  life  or  ornament* 

I have  fludioufiy  avoided  drift  comparifon* 
of  my  cement  or  of  the  bed:  Roman  cements*- 
with  the  oil  cements;  becaufe  the  bed:  of  thefe 
is  private  property ; not  doubting  that  my 
liberal  readers  will  give  this  dlence  a condruc- 
tion  equally  favourable  to  the  proprietors  and 
to  me.  But  it  is  not  neceffary  to  lay  myfelf 
under  the  fame  redraint  refpefting  the  re- 
puted improvement  of  Monfieur  Loriot,  pub- 
lidied  in  1774  at  Paris,  in  a pamphlet  entitl- 
ed, “ A trentife  on  a new  difcovery  in  the 
“ art  of  building,  made  by  Monfieur  Loriot, 

“ mechanic  and  pendonary  to  the  king  ; in 

“ which 
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“ which  is  announced,  by  order  of  his  ma« 
“ jellry , the  method  of  compofmg  a cement 
“ or  mortar  fit  for  an  infinity  of  works  as 
“ well  in  building  as  in  decoration.” 

The  firft  half  of  this  effay  ferves  only  to 
difplay  the  fanguine  hopes  and  lively  imagi- 
nation of  the  author,  which  tranfported  him 
beyond  the  bounds  of  his  knowledge  in  this 
fubjeCt,  and  all  the  rules  of  phvfical  induc- 
tion. In  the  thirty-firfl  page  he  fays  that 
“ the  admixture  of  powdered  quicklime,  in 
44  any  mortar  made  whith  flaked  lime,  is 
44  the  moft  effectual  method  of  giving  it 
44  every  definable  perfection  ; and  that  this 

“ is  the  chief  difcovery  which  he  announ- 
44  ces.”  In  the  next  page  he  gives  the  fol- 
lowing prefcription. 

44  Take  one  part  of  brick-dull:  finely  fift- 
44  ed,  two  parts  of  fine  river  fand  lkreened, 
44  and  as  much  old  flaked  lime  as  may  be 
44  fufficient  to  form  mortar  with  water,  in 
44  the  ufual  method,  but  fo  wet  withal  as  to 
44  fcrve  for  the  flaking  of  as  much  powdered 
44  quick-lime  as  amounts  to  one  fourth  of  the 
44  whole  quantity  of  brick-duft  and  fand. 

44  When 
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44  When  the  materials  , are  well  mixed,  em- 
44  ploy  the  compofition  quickly,  as  the 
46  (mailed:  delay  may  render  the  application 
44  of  it  imperfedt  or  impoflible.” 

In  the  40th  page  he  fays  44  Another  me* 
44  thod  of  making  the  compofition  is,  to 
44  make  a mixture  of  the  dry  materials; 
44  that  is  to  fay,  of  the  fand  brick-duff  and 
44  powdered  quick-lime,  in  the  prefcribed 
44  proportion  ; which  mixture  may  be  put 
44  in  lacks,  each  containing  a quantity  fuf- 
46  ficient  for  one  or  two  troughs  of  mortar* 
44  The  abovementioned  old  flaked  lime  and 
44  water  being  prepared  apart,  the  mixture 
44  is  to  be  made,  in  the  manner  of  plaifter, 
44  in  the  inffant  when  it  is  wanted,  and  even 
44  on  the  fcaffold,  and  is  to  be  well  chafed 
“ with  the  trowel.” 

To  exprefs  Mr.  Loriot’s  difcovery  briefly 
and  dilpaflionately,  I would  fay,  when 
an  ignorant  artifl  makes  mortar  with  whiting 
inffead  of  lime,  he  can  mend  it  confidera- 
bly  by  adding  lime  to  it:  but  his  mortar 
will  (fill  be  defedtive,  in  comparifon  with 
the  belt  that  may  be  made,  by  reafon  of  the 

0^3  old 
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old  flaked  lime  or  whiting.  For  on  repeated 
trials  I found  this  to  be  the  true  hate  of  the 
cafe. 

Lime  fuftains  lefs  injury  in  powdering 
fmall  quantities  of  it  in  a covered  veflel, 
than  by  flaking,  in  the  ufual  method,  with 
common  water  : and  powdered  lime,  in  the 
mixing  of  it  with  fand  and  water,  excites  a 
warmth  in  the  mafs,  which  greatly  contri- 
butes to  its  drying  or  fetting  quickly,  Mr. 
Loriot  not  knowing  how  to  flake  lime  with- 
out impairing  its  cementing  virtue,  and 
taking  the  fpeedy  exficcation  as  an  omen  of 
perfedt  induration,  imagined  the  prefcrip- 
tion  of  powdered  lime  to  be  a ^teat  improve- 
ment. 


If  the  powdering  of  lime,  without  ex-» 
pofmg  it  much  to  the  air,  were  not  an  ex- 
penfive  operation,  I fhould  have  dire&ed  this 
powder  to  be  ufed  inftead  of  water-flaked 
lime,  for  thofe  parts  of  an  ir.crujlation , 
which  are  prevented  from  drying  in  due 
time,  by  their  vicinity  to  the  damp  earth  or 
to  projections  on  which  the  rain  lodges.  The 
Cement  to  be  applied  in  fuch  circumftances 

ought, 
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ought,  as  I laid  in  the  fpecification,  page 
202,  to  contain  more  lime  than  I have  pre- 
icribed  for  other  fituations;  and  it  will  be 
found  the  better  for  being  made  with  pow- 
dered quick-lime,  becaufe  it  will  dry  the 
fooner,  and  becoming  pervious  to  air  in  con- 
fequence  of  the  exhalation  of  its  water,  it 
will  more  fpeedily  acquire  that  hardnefs 
which  fecures  it  from  being  exhaufled  of  the 
lime  by  the  conftant  moiflure  or  the  trick- 
ling rain. 

The  public  are  indebted  to  Mr.  Hartley 
for  the  experimental  proofs  he  has  given  of 
the  efficacy  of  his  method  of  fecuring  houfes 
from  fire ; and  to  lord  Mahon  for  thofe  ju- 
dicious and  expeiffive  experiments  by  which 
he  has  (hewn  that  a calcareous  incruftation 
anfwers  the  purpofes  of  Mr.  Hartley’s  art, 
I am  afraid  that  their  good  intentions  will  be 
fruft rated  by  the  indifference  of  men  to  dis- 
tant or  improbable  evils,  and  their  diflike  to 
any  immediate  expence  which  affords  no  ex- 
temporary convenience  or  ornament.  But 
altho’  l'uch  motives  of  oeconomy  ffiould  dif- 
iuade  us  from  adopting  their  meafures  in  the 
fulled:  extent,  we  ought  certainly  to  avail 

ourfelves 
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ourfelves  of  the  ufeful  knowledge  which 
they  have  imparted,  fo  far  as  to  prefer  a fafe 
and  durable  ltucco,  wherever  it  is  appli- 
cable by  the  affihance  of  hair,  before  wainf- 
cot  or  wooden  ornaments.  For  although  no 
metallic  or  calcareous  covering  can  fecure 
the  wood  of  a houfe  from  being  charred  by 
a great  fire,  the  danger  of  others  is  leflened  as 
the  combuilible  materials  are  fecured  from 
the  action  of  the  air,  and  confequently  from 
contributing  to  the  deflagration. 

I have  thought  that  the  ftnall  hones, 
which  conhitute  the  gravel  choien  for  our 
roads,  could  not  be  reduced  to  duff  fo  foon 
as  they  now  are,  by  the  heavy  carriages,  if 
they  were  firmly  bedded  in  a fmall  quantity 
of  coarfe  and  good  calcareous  cement,  fo 
that  the  bodies  which  roll  over  them  fliould 
rather  comprefs  them,  than  grind  them 
againh  each  other  as  they  do  at  prefent. 
And  as  the  frequent  failures  of  pavement 
are  manifehly  owing  to  the  infirmnefs  of 
the  ground  and  the  loofenefs  of  the  hones, 
I have  imagined  that  a folid  bed  of  cemen- 
titious work,  in  the  manner  of  the  Romans, 
and  the  fetting  of  the  paving  hones  in  good 
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mortar,  would  ultimately  leflen  rather  than 
enhance  the  expence.  I offer  thefe  con- 
jectures in  the  hope,  that  no  body  will  pre- 
fume to  decide  on  the  fubjeft,  who  does  not 
know  the  difference  between  the  common 
mortar,  and  the  bed:  that  can  be  made  of  lime 
andfand;  and  that  fome  public-fpirited  man 
will  make  the  experiment,  where  lime  is 
cheap  and  the  expence  of  pavement  or  of 
gravel  is  confiderable.  If  the  expence  fhould 
be  found  too  great  for  any  public  works  of 
this  kind,  the  fame  meafures  may  neverthe- 
lefs  be  tried  in  private  areas  and  walks,  in 
which  the  neatnefs,  duration,  and  prevention 
of  vegetation,  may  compenfate  for  the  ex- 
traordinary price. 


the  end. 
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